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ITOKClEETAOBStlUTB J^AUNA OF SOUTHUBK INDIA* % 

m, aroMo^KA, t^ept vot. i> Ft. i, h, f. sdanfobd. 

8aA * a IHv-FiBL. I. ^ OeplKaJopoda (lA6l-~65), pp. 216, pis. S4 (6 doiible). 
jr.^Vob. 11 'm Qasttopoda (1867-68), pp. xffi, 600, pte. 
yi.—Vo*.. in. 23» Fel^i^oda (1870^7lj, pp. xxii, 6^. pU. 50. 

VIII.—v^Oi- Tv. T»a Bmcfafopoda, CitlopOm, Ediinodamota, Corals, 

—75), pp. y, 202, pis, 29. 


efce. (1873 


FO^IL FIOEA OF THE OONDWAKA SYSTEM, ftp 
O. tEISTMANTEL, except Vot. I, P^. 1, fty T. OIDHAM *nd J. HOBBIS. 

Vau I, pp. x%ia, 1^, pis. 71^ 1865-79. Pt. 1 ; RAjmah^ Groim, EAimahdJ BiU. Ft. 

E : 2^ft« satfta p(;, 8 ; plant* from Qmapllli. Pt. 4 : Outlior* 

«fi tho Madta* Coast. 

Vot, II, pp. *li, 115, pis. 26- 1876-TO. Pt. I : .Twrsssio Flora of Kach. Pt. 2 ! Flora 
of tha Jabalpur |;roup. 

Vot. Ill, pp. xi, 64-t-M9, pis. 80 (9 doubla) (I—XXXI+IA—XLVIIA). 1879-81. Ft. 

1 : Tha Flora of the Talcbir-Karharbari bods. Pt, 2 t Tho Flora of 
. Damuda and Ponoli^t I)jviKinM. Pi. 3 : Th^. sante Iconelud^d)^ 

Vot. IV, pp. xxvi, 25-t-66, pis. 35 (2 double) /I—XXf 4 -lA—XIVA), Pfe. 1 (1882) (oa< 
print) t Posadl Flora of tho South Rewah Gondwana basin. Pt. 2 
(I006) J Fossil Flora of some of th« cool-fields in Western BengaL 


(San. IX.)—JURASSIC FAUNA OF KACH. 


Vot. li, pt 


Vot. II, pt. 2 (1900 

Vot. Ill, pt. 1 (1900 

Vot. lit, pt. 2 (1903 


(1873-76). The Cephalopoda, pp, i, 247, pis. 60 (6 double), by W. Waaoest. 
i. 1 (1893). The Ecblnoidea of Kach, pp. pis. 2, by J. W, (lERGony (om* 


of jn’ivt). 

The Cyrals, pp. 196, I—IX, pi*. 26, by J. W. OKEOouy. 

The Brachiopoda, pp, 87, pis. IS. by P. L. EiTcmK. 
Larnellibrauchiaia : Genas Trigonia, pp. 122, pis, 10, by F. Ii. 
'Kitchik. 


(Sbr. IV.}—INDIAN PRE-TERTIARY VERTEBRATA. 

Vot. I, pp. yi, 137, pis. 26. 186.5-86. Pt. 1 (1865) t Tim Vertebratfs Fossils from the 
Panchet rofiks by T. H. Huxtay. Ft. S (1878) : The Vertebrate Fossil# 
of the Kota-Melcri Group, by Bm P. ue M. GuBy Eoimyoisi, L, 0. Mtaix, 
and W. T. Bi,Anfoki», Pt. 3 (1879) : Reptilia and Batraolda, by R- 
1Lxx)^%k^. Pt- 4 (18 q 5) : Lftbvrinihodunt from fhe Pljwri group, 

by R. DyoBKKKK. Pt, 5 (1885) ; The Repfcilia and Amphibia of the 
Maleri and Denwa gror^s, by li. Lxt>ekker. 


IBwa. X.^INDIAN tertiary AND POST-TERTIARY VERTEBRATA, Iw 
^ B. DYDFJfCKER, emept toz. 1, Pt. 1, by B, B. FOOTE. 

Vot. pp, XXX, 3(X), i>ls. 50. 1874-80.' Pt, I : Rhinoceros deccanensis. Pt. 2 : Molar 
teeth and other remalsas of Mammalia. Ft. 3 ; Crania of Jinminanta. 
Ft. 4 : Simplemeht to Ft., 3. Ft, 5 : Siwalik send Narbado Proboscidia- 
V<A. II, pp. XV, 3SS, pla. 1881-84. Pt. 1 : Siwalik Rbinoc.er(>ti(te. Pt. 2 : Sopplc- 
ment to Siwalik and Nshrbada Probnscidia. Ft. 3 : Siwalik arid Narbada 
EquidSe. Pt, 4; Siwalik Caroolwiardalidfla. Ft. 6 i Siwalik S'^hwod/mt 
_ Suina. etA Pt. 6 ; Siwalik and Narbada Carnivora. 

Vot. Ill, pp. xxiv, 264, nl*. 38. 1834-86. Ft- 1 : Additional ghvabk Pf.ri«*f>d.‘ictyla 
and Froboscidia. Pt. 2 : Siwalik and Narbada Buuodonfc Suiua. Pf,”3 : 
Rodent* and new Runiihacts frotn Uie Siwabks. Pt. 4 : -Siwalik Birds. 
Pt. 6 : Maatodon Teeth from Perim iRlaud. Pt. 6 ; Siwalik and Narbada 
Ohelonia. Pt. 7 } Siwalik Crocodilia, I-^ioertilia and Ophidia. f't. 8 ; 
F!sh«*, 

t. • ' ' 



V<a. ly, pX. 1, 18^, 18, |>1»- 6. Siwalifc JSisppltea^nl}. 

Vou IV, pb. 2, 1286, pp. 40 pl<t S (vii—xx), F^tum of Wi« Karpol oaves 

(and addoiadom to pt. 1). . , j. ^ n. 

Vos.. IV, pb. 3, 18D7, pp. 7 (59—66),,pie. 2 (xu—JCooene Ghelonia foom S«Jfc- 
rango. 


Vn XIV y_^I'ERTIAflY AND TTPPEIl .GBdSTAOFODS* FADNA OF 

'^ERN iNDIA;6v F. MARTIN DUNCAN caiS W. FEROV SLADEN, e»<rep« Ft. 1, 
hy F STOI<ICS!.EA. • 

VOS.. 1-pp. 16+110+382+91'-599, pl«. 5+28+58+13-104. 1871;86. JP<>- TfMW 

^ ■ Grabs from Sind and Kapb, Ft. 1 (mw 2) : Sind F<^il Cor^s and 

AJryonana; bv F. Martin .Duucan. Pt. 3: The Fossil Ecbinoid^ of 
Bind r Fm. 1, 'TU Cardita heaumonti beds; Few., S, The Ranife^ 
in Western Sind; Fm. 9, The Kliirlhar Seriesj Faa. 4 The Nwi 
(Oligoeeiie) Bevies; Fm. 5, The Gaj (Miocene) 

Mahrdn (PliotMine) .Series; by Duncan and Sladen. Ft. 4 :^a FMsil 
^hinoidoa of Kach and Kattyyfar; by Dunean, Sladen and Blanfora. 




{Seb. XI1I.)'-SAI.T-RANGE fossils, 5y WILLIAM WAAGBN, Ph.D. 

Froduetns- Limestone Group : VoL I, pt. 1 (1879) Pisces, Cephalopoda, pp. 72, pis. 6. , 

„ 2 (1880). Gastropoda and supplement to pt. I, 

ixp. Ill (75-183), pis. 10 (1 double), (Vii— 

„ „ 3 (1881). Pelecypoda, pp. 144 (185—328), pis. 8 

(xvii—xxiv). ■ 

„ „ 4 (1882—85). Brachiopoda, pp. 442 (329—770), 

pis. 62 (xxv—Ixxx'vi). 

. ,, 5 (1886). Biyozoa—Annelid®—Echinodermata, 

' pp. 64 (771—834), pis. 20 (lx.’txvii—xcvi). 

„ „ 6 (1886). Coilenterata., pi>. 90 (835—924), pla. 20 

(xcvii—cxvi). 

„ 7 (1887). Ooilentorata, Protozoa, pp. 74 (925— 

998), pla. 32 (exvii-cx.vviii). 

Feaslls from the Ceratite Formation ; Vol. I I, pt. 1 (1895). Pi 3 ce.=;—Ammomndea, pp. 324, 

VjXsI 

: vot IV. Pt. i (g), pp. <-'1,1'-,« <•! 


s> 
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(Ser. XV.y-HlMALAYAN FOSSILS, 

Uppor-triassic and Hassic faun® of the exotic bio«-ka of Malla .Tojw in the 11 hot MabaLs of 
^ Kumaon : Vol. I, pt. 1 (li)08), pp. 100, pis. 16 (.1 double) by Dr. C. Dieiun*. 
Anthracolithio Fossils of Kashmir and Sj,.iH : Vol, I, pt, 2 (1899), pp. 96, 8, by Dr. C. 

The FfflSftocarboniforous Fauna of Ohiiichim No, I ; Vol. T, j.l. 3 (1897), pp. 105, pis. 13, by 

The^ermiSfVoasila of the Prodnctais Shales of Kuinaon arid Gai-hwal ; Vol. I, pt. 4 

The P^ma^Vossifs o/th^ Himalayas : Voi. T, pt. B (19(13), pp. 204, pis. 10, by 

The^^hkl^pX^of the l^wer Trias : Vol. 11, pt- 1 (1897). pp. 182, pis. 23, hy Dr. C, 

The^oph^opoda of the Muschelkalk ; Vol. II, I't. 2 (1895), pp. lid, pis, 31, by Dr. O. 

UppOT^T^lksBic Cephaloimda Fannm of the Himalaya ; Vol. Ill, pt. 1 (l^feS), pp. 157, 

TriafSJ^hi^poda'aS LamdlX^^ : Vol. Ill, pt. 2 (1899). pp. 76, pis. 12 (2 double), 

oTthe SnSf Shales ’ Vol. IV. Cephalopoda : Fasc. 1 (1903), pp. 132, pis. 18: 
^ %^asr 2 091^, pri3£ 3b&. Ids 47 (2 doiibk)! Fasc. 3 1 >E- 

bv Dr V. Uhb'ir- banmUibvanubiata and Gastropoda : Vase. 4 (1®!^), pp. 3w-— 
nfs. 7 ■ bv Dr. K. Iloidhans. Additional Notes on the F^a of the Spiti Bhales . 
VftBC 5 (1914) pp. 457—511, pk.'4; by Miss Paula Steiger, Fh.D. 

Tlie Fauna of the Tropites-Limestojie of Byens : Vol. Vj, Memoir No. 1 (1906), pp. 20 . 

The&unI of tbe nlniSayJn'MusSrikaik : Vol. V, Memoir No. 2 (1907); pp. 140, pis. 17 

“taS of SriU : Vo; V. Momoir No. S (IBQfc); pp. 16T, pI.- »< 
(5 double), by Dr. G. Dlenw. ^ 



' TriMwic Owbalofiodft from Spiti, Malla Johar axid Byuis ; Vol. VI, Moiomr 1 

{1909),,i>p* tSe, tola. 31, by Dm. A. von Kraft and O. Bienoir. 
ilia of the TrawmatoctjiimjB Bimoatone of Bainkhanda: Yoh VI, Memoir No, 2 

. (1909), ppi 39,';|>is, S, by l>r, O; Bieneir. 

The Oambriaa J^obwIb of Spiti : Vai. VII, Memoir No, 1 <1910), pp. 70, pis, 6, by F. It. O. 
Beed. ' , 

O^fdovician and Siluriatt ftiesiln from the. Central Himalayas ; Vol. VII, Memoir No. 2 

,.fl,(i0i2h pp.,m ao, by.F,. R. 0 . Rj^d. ' . ■. , ': ' 


(Skb. XVI.)^BALtrOHISTAN FOSSUiS, &y FRITJS NQETLING, Rk.B., F.O.S. 

;ihe Fatma of the Kella-wajnj of MarAr Drilc ; Vol. I, pt. 1 (1895), »p. 22, pis. ,13. 

The Fauna'of the (Neocomiftn) Belcmnifce Boils : Vol. I, pt. 2 (IB&f), pp. 6, pLs. 2. 

The Faana of the Upper Cretecooaa (Maestrichtion) Beds of the Mari Hills : Vol. I. pt. 3 

(1897), pp. 79, pfa, 23. » r m 


(NEW SERIES,) 

The Cambrian Fauna of the Eartern Salt-range ; Vol, I, Memoir 1 (1899), pp. M, pi. l', bv 
K, Rediioli. 

Notes on the Morphology of the Pelocypoda ; Vol, I, Memoir 2 (1899), pp, 58. pis.'4. bv 
Dr. Fritz Noetling, ^ ^ 

Fauna of the Miocene Beds of Burma : Vol I, Memoir 3 (1901), pp, 378, pie. 25, by Dr. 

Fritz NootKng. , 

ObaoTvations sur qnolqnes Plantes, Fossiles dos Bower Go.odwana's : Vol. II, Memoir 1 
(1902). pp. 39, pis. 7, by R. Zeiller. 

Parmo-Cai'boniferous Plants and Vertebrates from Kashmir ; Vol. II, Memoir No. 2 
(1905), pp. 13, pis. 3, by A- C, Seward and Dr. A. Smith Woodward. ’ “ 

The Lower Palmozoic Fossils of the Northern Shan States, Upper Burma : Vol. II. Memoir 
No. 3 (1906), pp. 154, pis. 8, by F. K. 0. Reed. , , m nn i 

The Fauna of the Napeng Beds or the Rhmtic Bods of Upper Burma : Vol. JI, Memoir 
No, 4 (1906). pp. 88, pis. 9. by Mies M. Healey. , » ox 

The Devonian Faunas of the Northern Shan States : Vol, II, Memoir No. 5 (1908), pp. 183, 
pis. 20, by F. R. C, Rood. 

The Mollnsca of the Ranikofc Senes : Vol. Ill, Memoir No. 1 (1909), pp, xi.v, 83, pU. 8, 
by M. tkissmanii and G. Pissarro. Introduction, by E, W. Vredonnurg. 

On sonic Fish-i-emalns from tlie Bods at Dongargaon, Centi'al Provinces : Vol, ITT. Memoir 
No. 3 (1908), pp. 6, pi. 1, by .Dr. A. Smith Woodward, 

Anthiaoolithic Fo.s.sil.s of the Shan State.s : Vol. Tlf, Memoir No. 4 (1911), pp. 74, pis. 7, 
by Dr. C. Diener. 

The Fo-ssil Giirailidre of India : Vol. TV, Memoir No, 1 (1911), pp. 29, pis. 5, by Dr, G. E. 
Pilgrim. 

The Vortehrato Fauna of the Gaj Series in the Bugti Hills and the Punjab ! Vol, IV, 
Memoir N^t. 2 (1912), pp, 83, pis. 30, and map, by Dr, <}. E Pilgrim. 

Lower Condwana Plant,? from the Golabgarh Pa,ss,* Kashmir ; VoJ. IV, Momoir No. 3 
(1912), pp, 10, pi.«. .3, by A. C. Seward. 

Me,'ir)M<;e Pljujfa frinii Afghanistan and Afghan-Tnrkislan t Vol. IV, Memoir No, 4 119121, 
pp. 57, pLs. 7. by A. O. Seward. ’ ^ ^ 

Triossic Faiinm of Kaalunir ; Vol. V, Memoir No. 1 (1913), pp. 133, pis. 13, hv 7>r. C. 
Diener. 

The Aiithracolithic F.aunfn of K.aabinir, Kanam* and Spiti ; Vol. V, Memoir No. 2 (19151 
jip. 135, pla. 11, by Dr, C. Diener, ’ 

Le Cietacd ft Eocene dii Tibet Oeiitial : Vol. V, Momoir No. 3 (1.9161, nu. 52. nle. 16. bv 
Prof. Ifonri Donville. 

Supplementary Memoir fm New Ordovi. Ia»i and Siluvian fi^ssils I'mm the NoiVbern Shan 
Statee : Vol. Vr, Memoir No. 1 (1915)1 pp. 93, nls. 12, by F. R. C, Rood. 

The Bcachio}jK>da of the Narayan Bods. Northern Shan St,ates, Burma. : Vol, VI, Memoir 
• No. 2 {hi the prefix), by S. S. Bnckman. 

Ordovician and Silurian Fossil.? from Yunnan : Vol. VI, Memoir No. 3 (fn (tie 

by F. R. O. Reed. ' 


The price fixed for (hese publications ia fonr annas (4 pence) per .single plate, 

wit.h a minimmn charge <if Re, 1. 
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RECORDS OF THE GEOLOGICAL SURVEY OP INDIA. 


Votu It 1868 . 

Part, t (<>«< of print ),—Aluiaial cwori lot 1867. Oo«d*i6atiiit of Owl in 

Uarrow HiUa. Oop^ iit Huna«lkua<l. Meteoriien. 

t*ert 2 (<>«t af jprtitii).—Coal-aaomst of noighbootibood of Obwnda. Oogl i>»m Nivgpo*. Cf*»- 
logical uoteu <m Hurat coibctorat^, Oapbalop^oas fauxta of Sonih Indiato tind)tt<»B0U8 
iioposito. Lead in Aalpur districl. Goal inSaatern Qomiapbare. Metaocitas. 

Pari S {out of j»f(ffe).~-Ga«iiropodous faoiia of Hootib Indian oretaccoua depuaita. Notoa on 
route from Poona to Nafmur rtd Abmrduuggur, Jalua. Loonar, Yeuimahat, Mangali. 
and Hingunghat. Agato-Bake In pUoceuo (?) depoaita of I/ppor Godavery. Boundary 
of Vindhyan aeriea m lidyputoua. Meteorite 


Voa. II, 1869. 

Pari 1 {aut of print ).—VaUoy of Poorna river, We«t Berar. Knddapab and Ktrmool 
fortnatious. Geological skettii of BluUong plateau. Gold in fbnghbno<»n, «tc. Writts 
at Gaeareebagh. Meteorites. 

Part g {out of jjrinfl.-^Annual rdpoit for 1868. Pangshuta teifa and otlipr Bi>edea of 
Oiielonia from newoi* tertiary deposilr of Neibndda valley, Metamorphic rocks of 
Bengal. 

t*ajt S (out of pnnt).~-Geology of Rutdi, Western India. Geology and physical geography 
of Nicobar Islands. 

Part 4 {put of prmt),~ Beds eontaining silirified wood in Eastern Drome, BiitisU Burma. 
Mineralogies^ siatisbics of Rumaou division. Oosl-Beld near CTiauda. l^ead in Raijpur 
district. Meteurites. j 

Voi.. Ill, 1870. 

Part / [out of Annual wpoit ior 1869. Geology of neighbourhood of Madras. 

Alluvial depoiiits of Irrawadi. tontiM.sLpd w’th thufie of Ga^es. 

Port (out f>/ v>r/«0--*Geo]<>gy of Gwalior ptiil \i(inily. Indies qt Gbiteli. Knmson, 
Lead vcui neat Cbiclicdi, Uaipur duliiet. Warilha rivei ooal-lielib,, and Cen¬ 

tral PrttviiK OB. Goal ut Karba iu Bitasjvur dxslriet. 

Paris [out of print ).—Alobpani coal fWil. Lead ore at Mimanabad, Jabalpur district, 
tloal cast of Ghbattisgurh between Bilobpiii and Uanchi. Petroleum in Buiiuh. Petro- 
Itmm Jo<'aliij' ol Sudkal, near PnUiuuig, west of Kawalpindi. Argent if eiviua galena 
and copptT in Manhbuni. Assays oi iron oret. 

Port 4 of print) -tlnology of Afoiint Tilla, Punjab, Copper depo>iLR of Galbhum 
and Kingbbbnm : 1,— Coppur minch of Smgbbura : 2—Copper of llalbbiim and Sing- 
Lhnni. Meteorites. 

Von. IV, 1873. 

Port 7.^-Annual report for 1870. Aileaed diwovery of coal iieai Goiuy, and of jndicaliona 
of coal ifl Guddapab diotrici. Mineral statistuH ot Kumaun division. 

Port i*.—Axial greup in VVe.*itein Piotne. f’cological structure of Soutbocn KonUan, 
Huppused occurroiuf of natm- aiiliraony m the filraifs iJi'ttlomvnts. Iloposit in boilers 
of stcatn-eiigiiios at Mamgaiij. Plant boariti}: «indstouca ot Godavari \tUlcy, on south 
em evtensinne of Knmthi group to Pfij>bbourhcx»d of Elloj'e ami ’Hdjmandn, and cm* 
possible oftumniec of coal m same directioxu 

Part S {out of Ti’'i»d)- — ^Bonugs for coal in Godiavari valley near Dnmt^udem and Bhadra- 
(haiain. Na>-ha.da foal-t/asiu. Geology of CVnIral Provinces. Fbnit-bearing! sand- 
Slones of Godavari valley. 

Part 4 {out of print) — Anmiunito fauna of Kuteb. Tlaigur and flengir (Gangjmr) Ouat- 
UeitL Sandst<jnes in ueigbbourbood of first barrier on Godavari, and Tn country 
between Gwlavari and EUore. 

Vot. V, 1872. 

port i .— Aiinnul report for 1871. Relations of rocks near Mnrree (Afoi-i), Punmb. Mineral- 
ogical notes on giieLns of Bouth Mirsapur and adjoining country. Sandstones in 
neighbourbood vif first barrier on Godavari, and in country between Godavari and 
Eilore. 

Part g [out of jirinf ),— Coasts of Baluchistan and Persia from Rarnrhi to bead of Persian 
Gulf, aiiu some t»f Gulf Islands. Parts of K^umnumtnet and Hanameunda dislricts 
in Nisium's Dominions, Geology ol Oiissa New coal-field in south-eastern JHydera 
bad (Deccan) territ<iry. 



■ ■ J- ^ , . , ,' ^ I, ’ 

Qii '***1^ ;«oaii( jd- AmIma. ' l!k«#!i$>le’’^- iji:><ja| wiMfu;, 

> ^ Fma«. . G«o^|Qr ai Pi!m^imey^ ■ 

IjPaH |i— hS^ of 43s||^mti, Vtus^. .JUmdmeo nBm^ W jnn^mi 

JMflr w' Iii»di»)i «iibii^iin$f -AmovoEtf of itidicAlodi the«e^. 

fat 4ist«kjt> Mvd*tut Bfe»i4mey^ LAmeto w 

£MEf(Et49rB^N^' of Oimwal India. IPefrolaam iooal^blM fa* Fagvu fNmpowd 

at^soutaJ UsMsstone td. xtuiam Sila. 

Yot. VI»1873. 

Qeology oi Net^-Wwt Pxvviaim. 

—Bisnfanptir 'ooat'fiold. Minerolo^oal notes on gnefam sonlfa Minr,a|»ir anni 
’ adjoiaiiiK country. . ' 

Perf ,».—Ow in oasSEBroMS dcjpdsits of Nai-bada valley (Pliocene of Falcctner); on age of 
L lie^ositB, and ofa, a6st»<a?TOd afaeUs. Bsrafctos (coot-tnoi^ares) fai Boddadanolon^Id, 
, Q^avm district. , Gwlogy nf parts, of Upper Punjah. CSoal xb litdia. Salfe-i^ittjaes 
;'■ ' of Pwpu.. 

‘P 9 rt deposits of Ohtoi^ (Oentra)’ Provinces). Barren Islands and Narkondum. 

I MetaUtferoas resources of Brifci^ Burma.. 

r, ‘ ' ' 

Vot. VII* 1874. 

Part 1 {out of prfrt#)-~Anrmal report for 1873. Hill ranges between Indus valley in Ladok 
and Sbah-i-UulB on frontier of Yarkand territory. Iron ores of Ktunaon. liaw 
materials for iron-smelting in Baniganj field. Ifllastio sandstone, or so-called Itaco- 
linnyto. Geological notes on part of Noithern Haaaribagh. 

Part S {out of pi-<>u).—Geological notes on ropte traversed by Yarkand Embaasv from 
Hhftb-isXloJIa to Yarkwid and Kashgar. Jade in Karakas valley, Torkisian. * Notes 
froHi Eastern Himalaya. Petroleum in AsBarn, Coal in Garo Hills. Gopuer fat 
Narbada valley. Potash-salt from East India. Oecdogy of i!ieighbt>uihood of Mari 
hill station in Punjab. 

Part S {out of pj'tMiy.-rGeological observations made on a visit to Ohaderkul, Thian Shan 
rattge,. Former extension of glaciers within Kangra district. Building and orna« 
meutal stones of India. Materials for iron mannfacinre in Baniganj ceal-'field. 
Manganese-ore in Wardba <iO«l-fi«id. 

Part ^ {nut of pnVit).—■Auriferous rocks of D^nibal hills, Hhatwar district. Antiquity 
of human race in India. Coal recently discovered in the country of IcUEti Patnans, 
south-east comer of Afghanistan. ProgresB of geological investigation in G^avart 
district. Madras Presidency. Subsidiary maierlahi for aii^ciol feel. 


Yoh. VIII, 187S. 

Part 1 ,—^Annual report for 1874- The Altum-Artosh considered from geolog^ul point of 
view. Evidences of ‘ ground-ice ’ in tropical India, during Talchir imriod. Trials of 
Eanigatij fire-bncka. 

Part -Gold-fields^ of south-east Wynaad, Madras Presidency. Geological notes on 
f” nppor Punjab. Water-bearing strata of Surat district. Gecdogy 
of Snndm « ten itoriee. 

Part S {out of prmd).'—Shahpur coal-field, with noth.*® of coal explorations in Narbada 
regions. Coal recently found near M<raong, Khasis HUla. 

Part ^ {out of prinf).—Qediogy of NepoL BaigM'h and liiugir coal-fields. 

VoIhI IX, 1876, 

Part /.—Annual report for 3878. Geology of Sind. 

. PartB {mt o/ Brtirememt of Oldham. Ago of some fnasil fiorae in India, 

i Oramum of Stejodem Ganosa, with n^s on Bub-genos and *dlied fwjns. Snb-Hiina- 
; r» “ danm (Jarninoo) Hills, f’ 

i lart 3 Unttof jfwiw^).-.-Fos8il floras in Iriidia- Gedlogu'al lyre of certain gr«M»pb comprised 
jn Gondw^ sericus of India, and ort, evidence they afford of distinol sooJogieat and 
^tan^ b^Btrial regions in anci«»t epochs, llelations of fossiliforourt strata at 
Malm and Kota, near Sironcha, G. P,' Fossil mammalian fainu® of India and Burma, 
/'art / (e-Mj of m«f),~-FpsBii fioras in India. Osteology of Me^copotomus dissimitis. 
Addenoa aM Corrigenda to pafner on tertiary mammalia. .Plesic^aurus in India. 
Mwlogy of Pxt PanjSl and uteiglfabour^ dii^rts; »> 

’ vofc Xi vm- 

^***!lir^^***^ report for Wlh, Getdogteal note® on Great I«diar» Gesert botweoit Sind 
f^JP^tana. Oretaceou.^ genus fhbphalia near Kameho lake, Tibet, about 7b mites 
»owqI l4ias«a. Bstheria m GondVaoa formatfam. Vfirtehrata from Indian ternary 
vmmwufy rocks. J^ew j^ydina from th* .ufmer tortiariee of Is^orthcm Punjab. 
®»*wryiitloinf Urn. tfauior-groond tfWxptNfaiiiJpa. 
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ej —Bodke of the QttAmaxi. '* Atoalib. ^o^dotou^ * neai: <ihittaok. 

' SNqhuI ^or«a m India. Hdw or KitlV) nuunamls IrOm Si^rsdid^. A^ali Mniee in 
Keith-Eaetuin Bej{miatta. Borings for cdtd" in ^Indie. )Gb«d(^«r .of .1^^. ■ 

Part 3 {ovt of —T^ittry eone and underlying'rook» ialNdiHsh-W^fc Bumjab. iFosBil 

fiorae in. India. Erratica in Pot^yar, Coal n^ploratita:^ iil'IlarjiUng dis^ct. Biine- 

. . atones in neighbonrhood of. Baratear. Forma of' blowlng*ms<difne (^d by amitha of 
Upper Assam. Analyses of Bani^nj coals. ■ \ , 

Part i (out of jtrint):. —G^logy of M^anadi basin nj^d Bs yi<^ityi iMamandaj gold, and 
lead ores of ^mbalnur district. ^'Eryon Ooiim Barrdvoaaia^* l^cCoy^ from Sripor- 
mainr p^onp »«sar M^ras. - Fosafl doras in. India. 'like Bisdni grOnp and * Central 
, Cnciss In Simla Himalayas. Tertiaries of North-West Punjab. 'Conera Chmro- 
. meryx and Bhagatheiaui». , , "' 

, ' ' vot, 'ism, ' 

Part /.—^Annnal report for: 1^77. Cecdogy of Upper. Godavari basin, between river 

Wardlia and Godavaii, near Shmucha. iG^logy •nf Kashmir, lOshtwar, and Pangi- 
Siwalik mammals. Paheontologiu^ inlaiions of ■ Gnadwtoa sy * Erratics in 

Pnajab/ 

Part B- (out of jmw#).—Geology of Smd (settmd noiaco), Ort^ of Kan)ann lakes, "trip 
over Miiaitt Pass, Kumanh, Mud volcanoes of Bamri and uhednba. Mineral resources 
of Itomri, Cbeduba and adjacent islands. 

Pari S .—Gold indnstiy. in Wynaad. Upper (^undwkia series in Trfchipopoly and Neiloro- 
•Etstna districts. Sonarmcmtite from Sarawak. , ^ 

Part 4 ’—Geographical distribution of fossil organisms in tndi^ , Submerged forest on 
Bombay Island. 

Von, XII, 1879, 

Pari t —^Annual report for 1878, Geology of Kashmir (third notice). Siwalik niamcnalia, 
Siwatik birds. Tour through Hangrang mid jSpifci. .Mud eruption in Jipinri Island 
(dralnut), Braunite, wiGr Bhodonite, from Nagpnr, Oontral Provinces. Palaeontologi¬ 
cal notes from Sat|)ara coal-basin. Goal importations into India. 

Part S .-—^Mohnani coiu-field. Pyrolusite with Psilomelmre at Gosalpur, Jabalpur district. 
Geological reconnaissjmee from Indus at Kuahaigarh to Kurram at Thai on Afghan 
frontier. Geology of Upper Punjab. 

Part, y.-—Geological features of northern Madura, Pndukola Slate, and aoulheni jiarts of 
Tanjore and Triebinopoly districts included within limits of sluXit 80 of Indian AtJ.as. 
Oretace<mfi fossils from Trichmopoly district, collected in 1077-78. Sphenophylluin and 
other E<juiaoiacei» with reference to' Indian form Trizygia Speciosa, Roy Jo (Spheno- 
pbyllum Tmyffia,, Ung,). Mysorm and Atacamitc from Nollore distviot. (Jorundum 
from Khasi HiUs. Joga neighbourhood and old mines on Nerbudda. 

Part jJ.—* AUock Slates ’ and tteir probahio geological position. Marginal bone of unde¬ 
scribed tortoise, from Upper Biwaliks, ne,« Nila, in Potwar, Punjab. Geology of 
North Arcot district. Road soctiou from Marreo to Ahboltabad. 

Von. Xni, 1880. 

Part. L —Annual report for 1870. Geob>gy of Upper Godavari basin in neigliboutbood of 
Siroucha. Geology of l,adak and neighbouring districts. Teeth of fossil fiabes from 
Ramri Islatni and Punjab. Fossil genera Noggorathia, Stbg., NSggeratbiopsis, Fstui.> 
and libiptozHmilos, SchmaJh., in palajozoic und secondary rocks of Europe, Asia, and 
.Australia. Fossil pliwits fiom Kattyw.ar, Bbokli Budin, and Sirgujah. -Volcanic foci 
of oruption in Kotmah. 

Part G6oIogic8.1 notes. Palajontcklojgical notes on lower triaa of Himalayas. Artesian 
walls at Pondicherry, and tmssibility of finding sources of watef-Biipply at Madras. 

I’art J.—"Kuinauu lakes. Celt of palseolithie type in Punjab. Palaeontological notes from 
Karherbari and South Bewa coal-fields. Gorrelatioa of Gomlwana flora with other 
floras. Artesian wells at Pondicherry. Salt in Raipulana. , GsW and mud emptions 
on Arakmi coast on iBth Mandi 1879 and in tliine 1843. ... 

Part 4,—-Pleistocene deposits of Northern Pimjcah, and evidence they afford uf extreme 
climate during portion of that period. Useful minerals of Avvali region. Oorrelation 
of Gondwana flora with that of Australian coal-hearing system. Bell or alkali-soila 
and saline well waters. Boh soils of Upper India. N^i Tal- landslip, ISth Septem¬ 
ber 1880. 

Von. XIV, 1881. \ 

Part 1 .‘—Annual report for 18^. Geology of part Of Dardistan, BaJtistan, and neigh¬ 
bouring districts, Siwalik carnivora. Siwalik group of Sub-Bimalayan region. 
South Bewail Gondwana Imsin. Ferruginous beds associated wih basaltic rocks of 
north-eastern .Ulster, in relation to Ixidian- latprite. Hajmalial plants. Travelled 
blocks of tlm Punjab. Api>pndix to ‘ Padseontelogioal notes on lower trias of Hima¬ 
layas.' Mammalian iossils from Perim Island. 

Part Nabaa-Siwalik unoonfonnity in' North-Western SimMay.'i. Gondwana vertc 
brdtes. Ossifcirous beds of Hirndes iti Tibet- Mining records aiwi miiung record office 
of Great Britetti; and Coal and Metalliftrroiia Mines Acts of 1^72 tlSugland). Cobaltite 
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Part I.] 
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General Report of the Geological Survey of 
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Records of the Geological Survey of India. |_VoL. XLIX. 
DISPOSITION LIST. 

J. During t]ie period under report, the officers of the Department 
•'A’cre employed as follows :■— 

S uperintendents . 

Mr. C. S. Middlemiss At headquarters till March 31st, 1917. 

Retired from Government service with 
effect from April 1st, 1917. 

Mr. E. Vredenburo . At headquarters as Palaeontologist. De¬ 
puted to report on an occurrence of 
molybdenite at Palni- Madura district 

from February lltii to March Jlth, 

1917. 

Dr. L. L. Fermor . Services lent to the Railway Board in 

connection with the exploration of the 
western portion of the Bokaro coal¬ 
field from January 1st, 1917, to March 
30th, 1917. Services placed at the dis- 
poisal of the Indian Munitions Board 
with effect from April 1st, 1917, to 
September 30th, 1917. Engaged in the 
exa‘mination of the mica depo.sits of 
Ajmer and Orissa during the remainder 
of the year. 

Dr. E. H. Pascoe . Appointed Superintendent vice Mr. 

Middleniiss (retired), with effect from 
April 1st, 1917. Reverted from mili¬ 
tary duty on April 14th, 1917. At 

headquarters till October 17th, 1917 ; 

afterwards engaged on the investigation 
of the oil occurrences of the Punjab. 

Assistant Superintendents. 

Dr. G. E. PiLGRm . Reverted from military duty with effect 

from October 24th, 1917. Engaged in 
the investigation of an artesian water 
supply for Bandar Abbas. 
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Reverted from military duty with effect 
from April 5th, 1917. From 8tli to 
27tli July attached to the Waziri.stau 
Field Force. Engaged in the investi¬ 
gation of mica deposits of Kodarma 
and its neighbourhood from October 
22nd, 1917. 

Mb. H. Walker . As Curator at headquarters from the after¬ 
noon of January 23rd to the afternoon 
of March 16th, 1917. Investigated alleged 
occuiTcnces of molybdenite and wolfram 
in Palni and Kadavur in April and 
May, 1917. Phigaged on the inve.sti- 
gation of the mica deposits of (Sambalpuj' 
from November 2nd, 1917. 

Mr. K. A. K. Hallowes Returned from the field oJi May 14th, 

1917. Posted to the Centra] IVovinccs 
and left for the field on November 4th, 
1017. 

Mr. G. de P. Cotter . Appointed (hirator, fJeologieal Museum and 

Laboratory. From January 23rd to 
February 28th, 1917. employed on re¬ 
vision of the geological map of the 
Jherria coallield. 

Mr. J. C. Brown . Employed in J’avoy in connection with 

the wolfram-mining iiiduisti}-. 

Mr. H. C. Jones . Revejted to civil employ on the after¬ 
noon of Soptemher 39th, 1917. En¬ 

gaged in investigating the mica de¬ 
posits of Udaipur State from Oetoh(>r 
21st, 1917. 

Returned from the li(’1d on flie .afteriioou 
of July JOth. Lelt lieadquarter*^ for 
Tavoy on’ Oetoher 9th, 1917. 

b2 


Mr. a. M. Heron 
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Db. M. Stuart . . Keturned from the field on May 11th, 

1917. Acted as Lecturer on Geology, 
College of Engineering, Poona, from 

June 11th to October 3rd, 1917. 

Posted to Putao, Burma, and left for 
the field on November 13th, 1917. 

Mr. N. D. Daru . Returned from the field on March 30tb, 

1917. Granted privilege leave com¬ 
bined with furlough on medical certi¬ 

ficate for one year with effect from 
May 1st, 1917. 

Mr. C. S. Fox . . Reverted to civil employ on August 2nd 

1917. Left for the field to investigate 
bauxite deposits in Chota Nagpur and 
Sarguja on September 27th. 1917. 

Mr. R. W. Palmer . On military duty. 


Chemist. 

Dr. W. a. K. Christie Reverted to civil employ with effect: 

from August 2nd, 1917. At head¬ 
quarters. 


Artist. 

Mr. K. F. Watkinson Returned from privilege leave with effect 

from March 1st, 1917. At headquarters. 


Sub-Assistants. 

Mr. S. Sei iiu Rama Returned from the field on April 30th, 
Rau. 1917. Granted privilege leave for 27 

days from September 19th, 1917. Left 
for Tavoy on October 23rd, 1917. 
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Mr, Vinayak Rao . Returned from the field on April 23rd, 

1917. Granted privilege leave for two 
months and 15 days from April 24th, 
1917. Left for Tavoy on October 
23rd, 1917. 

Assistant Curator. 

Mr. A. K. BakerJEE . In charge of the laboratory at Tavoy. 

Granted pj’iviJegc leave for ojie month 
from May 14th, 1917. Returned to 

headejuarters on December 12tli, 1917. 


ADMINISTRATIVe CHANGES. 

2. Mr. C. S. Middlemisa, C.I.E., (Superintendent, retired with 

Ketirement and Pro from Apjil 1st, 1917. Dr. E. H. Pa-scoe 

motions. was promoted to the grade of 8ui)eriatendent from 

April 1st, 1917, vice Mr. C. S. Middlemiss. 

3. Mr. H. Walker officiated as Superintendent from January 
1st, 1916, to June 4th, 1916, and from November 1st, 1916, to 
March 30th, 1917, vice Dr. L. L. Permor, deputed to the Bokaro 
coalfield. From April 1st to 4th, 1917, he officiated as Siijierin- 
tfuideut, vice Dr. L. L. Fermor, on deputation under the Indian 
Munitions Board, and from April 5th to 13th, vice Dr. E. H. Paseoc 
on military duty. 

Mr. G. deP. Cotter officiated as Superintendent from April 
1st to 4tb, 1917, vice Dr. B. H. Pascoe on military duty. 

Mr. G. H. Tipper was appointed to officiate as Superintendent 
h-om April 5th to September 30th, 1917, vice Dr. L. L. Fermor, 
on deputation under the Indian Munitions Board. 

4. Mr. K. F. Watkinson returned from privilege leave and re.sumed 
his duties as Artist with effect from March 
1st, 1917. 

Mr. N. D. Darn wa.s granted privilege leave combined with 
furlough on medical certificate for a period of 12 months with 
effect from May 1st, 1917. 

Mr. A. K. Banerjee was granted privilege leave for one month 
-with effect from May 14th, 1917. 


Leave. 



6 Recordft of the Geological Surrey of India, [VoL. XLIX. 

Sub-Assistant S. Setbu Rama Rau was granted privilege leave- 
for 27 days witb^effect from September 19th, 1917. 

Sub-Assistant M. Vina 5 ’^ak Rao was granted privilege leave for 
2 months and 15 days with effect from April 24tb, 1917. 


RETIREMENT OF MR. MIDDLEMISS. 

5. To the regret of his colleagues Mr. C. S. Middlemiss retired 
from the Geological Survey on March 31st, 1917. Mr. Middlemiss 
joined the Department in September, 1883, and had completed over 
33} years’ service at the time of his retirement. During that period, 
his work took him to almost every part of the Indian Empire. In 
the early part of his service he was employed chiefly in the Himalaya, 
where he at once made his mark by the discovery in the Tal Series— 
till then only known to contain comminuted fragments of shells 
—of fossils, not fully determinable, it is true, but generally agreed 
to be Mesozoic, thus giving an approximate datum for the partial 
correlation of the local rocks. Mr. Middlemiss’s subsequent Hima¬ 
layan and Sub-Himalayaii work was equally notable, and his memoir 
on the Sub-Himalaya of Kumaun and Garhwal is one of the 
classic works on Himalayan stratigraphy. Other valuable strati- 
graphical work was done by him in the Naini Tal region, in Hazara, 
in the Salt Range, in the Southern Shan States and in Rajputana, 
while, during the last few years of his service, he has recast complete¬ 
ly oiir ideas on the subject of the geology of Kashmir. Strati¬ 
graphy, however, is only one aspect of his many-sided geological 
activity, which has embraced also wide petrographic study of 
the crystalline rocks of the Madras Presidency, of the Vizagapatam 
Hill-tracts and of the Himalaya, investigation of several Indian 
earthquakes, including the great Kangra earthquake of 1905, and 
valuable work on the stability of mountain slopes in India and 
Ceylon. The value of Mr. Middlemiss’ contributions to science 
was recognised by the Geological Society of London in 1914, when 
he was presented with the Lyell Medal, while in the following yeai 
the Government of India marked their appreciation of his services 
to the State by conferring on him the C. I. E. He is also a Fellow 
of the Asiatic Society of Bengal, and in 1917 was President of the 
Geological Section of the Indian Science Congress. 

After leaving the Geological Survey Mr. Middlemiss accepted 
the post of Superintendent of the. Mineral Survey of Kashmir 
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where his intimate knowledge of the local geology will prove of 
great value to the Durbar in their endeavour to develop the 
resources of the State. 


MILITARY SERVICE. 

6. During the year, it was found necessary, owing to pressiue 
of work, to recall most of the members of the Geological Survey 
who had taken commission!;, and Dr. G. E. Pilgrim, Mr. G. H. Tipper, 
Dr. E. H. Pascoe, Messrs. H. C. Jones, and C. S. Fox and Dr. W. A. K. 
Christie resumed their civil appointments,—Drs. Pilgrim and Pascoe 
fi’om Mesopotamia, Mr. Tipper from Egypt, Mr. Jones from Jub- 
bulpoie, after return from France, and Messrs. Christie and Fox 
from the Western Front. 


STUDENTS. 

7. Babu Harcndra Mohan Lahiri, M.Sc., holding a post-graduate 
scholarship under the Government of Bengal, was permitted to 
carry on research work iti the Museum and laboratory of the Geological 
Survey througlioiit the year. 

PROFESSORSHIPS AND LECTURERSHIPS. 

8. Mr. G. do P. Cotter was Lecturer on Geology at the Presi¬ 
dency College, Calcutta, throughout the year. 

Dr. M. Stuart was Lecturer on Geology at the Engineering 
College, Poona, from June 11th to October 3rd, 1917. 

Mr. E. Vredenburg Avas apjxhntod Professor of Geology at the 
Calcutta University in addition to his own duties, with effect from 
September 1st, 1917. 


LIBRARY. 

9. The additions to the library during the year 1917 amounted 
to 2,083 volumes, of which 802 AA^ere acquired by purchase and 
1,221 by presentation and exchange. 

* 

PUBLICATIONS. 

10. The publications issued during tlie year under review com¬ 
prise one volume of Records, tw^o of Memoirs and one memoir of 
Palceonlologia Indica. 
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Staff. 


MUSEUM AND LABORATORY. 

11. Mr. 6. de P. Cotter was Curator of the Geological Museum 

and Laboratory throughout the year, with the 
exception of a period extending from the 

23rd January to the 16th March, during which that office was 
held by Mr. H. Walker. The Assistant Curator, Mr. A. K. Banerji, 
returned from Tavoy to headquarters on December 12th. Babu 
Baroda Charan Gupta continued to work in the Laboratory 
throughout the year, and Babu Phanindva Nath Mukerji, who was 
appointed as probationary Museum Assistant on October 19th, 
1916, was confirmed in his appointment on the 19th March, 

12. Dr. W. A. K. Christie was recalled from military duty in 
France, and rejoined the department on the 2ud August, 1917. 

13. The number of specimens refen’ed to the Laboratory for 

examination and report was 600, as against 

and analyser*'^* preceding year. Of these assays 

and analyses were made of 83 specimens as 
compared with 40 analyses in the preceding year. 

14. Two meteorite falls were recorded in 1917. I’he first fell 
at Ranchapar in the Babupur taluq, Kuudahit 
Circle, Jamtara subdivision, Santhal Parganas, 

(see Bengal standard sheets, 1"=] mile, nos. 235 and 236.) Tlie 
meteorite fell between 8 and 9 a.m. on Febmajy 20th. Four fragments 
were received, weighing respectively 148’42 grammes, 140'31 gr., 
0'29 gr., and 77'85 gr. The smallest fragment w'as used for a 
microscope section. The meteorite is being examined by Mr. Walker. 
The second meteorite fell at Cratiganorein the Cochin State (10° 
IP 30"; 76° 16' 3"), The fall occurred at 12-45 r.M. on July 
3rd. Seven fragments were received, w'eighing as follows:— 

A, 445’3 grammes, B, 29'14 grammes, C, 10'22 grammes, D, 5‘52 
grammes, E (dust in tube), 0‘90 grammes, F, 25D‘8 grammes, G, 
713'36 grammes. This meteorite is a veined white chondritc. 

15. During the year collections of rocks and minerals were 
Donsllons. given to— 

(1) Central Hindu College, Benares—a school collectjon of 

minerals and rocks; 

(2) Ewing Christian College, Allahabad—a similar collection; 

(3) Idar State Dui'bar—a duplicate collection of all the 

more important specimens collected by Mr. C. S. 
Middlcmiss in the idar State; 


Meteorites. 
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(4) Pratt Memorial School, Calcutta—a school collection of 

minerals and rocks; 

(5) Dr. Boswell, College of Science, South Kensington—a 

collection of Indian sands for glass-making; 

(6) Mr. T. J. AVarth, Agiicultural Chemist, Burma—speci¬ 

mens of dolomite and magnesite; 

(7) The Islamia High English School, Rangpur—a school 

collection of minerals and rocks; 

(8) Sedgwick Museum, Cambridge—a very complete collec¬ 

tion of the economically important minerals of India 
was selected and packed, but has not yet been dis¬ 
patched. 


16. The following foreign specimens were added to the collections 

Additions to the during the year— 
collections. 


(1) Phlogopitc in calcite from Goanikamtes near Swakop- 

mund, north of Walfish Bay, S. W. Africa, presented 
through Mr. C. S. Fox by Major F. 0. Howes, 10th 
S. African Infantry, Durban ; 

(2) Scheelite, cassiterite, wolfram and other cojnmoncr min¬ 

erals from the Kinta district, Malay Peninsula, pre¬ 
sented by Mr. J. M. Wilson. 

Amongst the many Indian specimens received, the following 
may be mentioned :— 

(1) Intergrowth of gold crystals found in a mercury riffle 

during extraction, presented by the Mysore Gold 
Mining Co., Ld. ; 

(2) gold with tetradymite from the North Anantapur Gold 

Mine, presented by Messrs. John Taylo; and Sons. 

(3) wolfram crystals, scheelite, bismuthinite, and native 

bismuth, presented through Mr. J. C. Brown, from 
various mines in Tavoy ; 

(4) crystals of cassiterite from Chanchal Pahar, Moheshpur, 

Domchanch, Hazaribagh district, presented by Mr. J. 
Podger ; 

(4) samarskite in quartz, from a pit near Yedur village, 2 
miles south of Bangalore, presented by Mr. V. »S. 
Sarabasiva Iyer ; 
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(5) monazite from Abraki Pahar, Singar zemindari, Gaya, 
district, presented by the late Mr. H. E. Tiery. 

17. During the year the packing of -specimens in the drawers 

beneath the show-cases has been completed. 
Fos8l**^Qalfery.*"* ** rearrangement of the show-cases of Indian 

fossils is also approaching completion, al¬ 
though the printii g of labels is still unable to keep pace with the 
work of rearrangenicnt. The upper Jurassic, Cretaceous, and part 
of the Tertiary show-cases have been completely revised; the 
Jurassic collections of Kachh and Spiti have been arranged according 
to the classification of Uhlig and Waagen respectively. In the 
rearrangement of the Cretaceous of South India, Kossmatt’s classi¬ 
fication and nomenclature of the ammonites has been followed. 
The Tertiary collections are now being rearranged in accordance 
with the recent work done by Vredenburg and others. This work 
has been done by Babu Bankim Behari Gupta under the Curator’s 
supervision. 

18. The chief point of interest in the year’s work is the increase 

in analyses and determinative work, whicli 
was nearly double that of the preceding year. 

The Curator has had in consequence to devote a greater portion 
of his time to the Laboratory. Every effoi-t has, nevertheless, 
been made to proceed with the work of rearrangement of the geolo¬ 
gical galleries, and it is hoped that in the present year time may 
be found to bring out catalogues of the Indian collections in the 
Fossil Gallery. 


General Remarks. 


PAL/EONTOLOQY. 

19. In addition to the examination of specimens sent to the 
Department for identification, Mr. Vredenburg has been engaged 
in the continuation of his work on the Tertiary mollusca of India. 

Owing to the various circumstances recorded in last year’s 
General Report, it has become necessary, as already explained, to 
increase the scope of the work by taking into consideration the 
entire Tertiary molluscan fauna of India, eocene as well as post¬ 
eocene. This will necessitate a revision of the groups already 
studied. The revision of the following families has now been com¬ 
pleted : Terebridce, Pleurotomidce, Conidee, Olividee, Harfidce, Mar- 
ginellidw, VolutidcB, Mitridce, Fusidw, Tiirbinellidce Clirysodomidce, 
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Streptimdai, Bnccinidce, Nassidw, Mwicidce, Pvrpmidcr, Trifonidce, 
Cassididce, Doliidce, representing, therefore, all the slphonostomatous 
Gastropoda with the exception of the Cypraddee, Blrm)khida\ Ceri- 
ihiidw and Cancellamdce ,—on the completion of which and of 
the Cephalopoda and Opisthobranchiata, it is hoped to begin piiblica- 
tion in successive parts. 


HIMALAYAN STRATIGRAPHY. 

20. In an earlier part of this report reference has been made 
io Mr. Middlemiss’ discovery of fossils in the Tal Series some 
thirty-three years ago. That discovery raised hopes that fossils 
might also be found in other parts of the Himalayan zone, but 
years passed, and, although a richly fo.ssiliferous sequence extending 
fi'om Cambrian to Tertiaiy had been found throughout the ranges 
constituting Avhat is known as the Tibetan zone of the Himalaya, 
tlie rocks of the central zone still remained barren, and a few 
years ago verc finally relegated by the Geological Survey to the 
Purana (pre-Cambrian) grou]) of unfossiliferous sediments, the. Ta! 
series being looked upon as a sporadic outlier, possibly of the su])- 
posed younger Tibetan zone. The case for a pre-Cambrian age 
was ably put by the Director in the General Report of this Depait- 
ment for 19011-04h He wrote: “The fossiliferous character of 
Ihe strata lying on the northern (Tibetan) flanks of the crystalline 
axis stands in remarkable contrast' to the unfossiliferous character 
of the beds which form the southern or Lower Himalayan zone. 
The persistence of the northern fossiliferous zone eastwards as far as 
Sikkim, now established, naturally accentuates this contrast, and 
increases the suspicion, which has recently been growing amongst 
ihe members of the Geological Survey, that the I..ow'er Himalayan 
rocks, like those of Simla, Kumaoii and Bhutan, are membets 
of very ancient systems of sediments, all or in part- pre-Cambrian, 
nothing other, in fact, than northerly extensions of the Mndhyan, 
Cuddapah and similar old systems on the Peninsula, which ba\e 
been caught, like the much younger Gondwana beds of Darjeeling 
and Assam, in the great earthfolds that have produced the Hima¬ 
layan range. That one, two or more stratigraphical stages on the 
south could be unfossiliferous whilst their equivalents on the north 


* T. H. Holland : Rec.t Oeol. Surv. India, XXXIT, ISO (ItO-'O- 
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are fossililerous miglit be possible; that. such an accident could 
be carried through every geological epoch from Cambrian to Cre¬ 
taceous is so highly unlikely, that we are driven to regard the 
ingenious and elaborate systems of lithological correspondences, 
which have been propounded to distribute the strata of the Lower 
Himalayan zone over the standard fossiliferous scale, as so much 
misdirected, though well intended, mental energy.” This view 
met with general acceptance in India, although the subsequent 
work of jVIr. Middlemiss in Kashmir, particularly in the Pir Panjal, 
again gav'c rise to doubts, and there were indications of a tendency 
for the balance to swing back once more towards the older view. 
This tendency has recently been augmented by the discovery^, 
by Babii Hem Chandra Das Gupta, M.A., Demonstrator of Geology 
at the Presidency College, Calcutta, of fossils amongst rocks hitherto 
regarded as of infra-Krol age. In the summer of last year, Mr. 
Das Gupta took some of his students on a geological excursion 

to Solon, where they spent some time in a careful examination 

t)f the rocks of that neighbourhood. Mr, Das Gupta's diligence 
was ultimately rewarded by the discovery, near the head of the 
JBlaini river, of a band of limestone containing a few poorly pre¬ 
served fo.ysils, one of which he regards as a Chonetes allied to a 

Permo-Carboniferous form. If this determination is correct, it 
will furnish important evidence in favour of the old correlation 

which was based on purely lithological grounds. Unfortunately, 
however, the fossils are fragmentary and badly preserved; the 
correctness of their determination as Pateozoic brachiopods, while 
appearing probable, is by no means entirely convincing, and the 
possibility of the limestone being an outlier of the patch of Suba- 
thu rocks in the immediate neighbourhood cannot yet be entirely 
excluded. Until clearer evidence has been obtained therefore, 
any modification of the accepted classification of the Lower Hima¬ 
layan rocks would be premature; but the matter will be taken up 
as soon as occasion offers. The most hopeful solution of the 
problem would seem to lie in attempting to trace the Pir Panjal 
systems, of which the age is now known, into the Simla region; 
but, in the meantime, further search amongst the limestones of 
the Krol and Boj mountains may yield more palaeontological 
evidence. 


^ Recorded in a paper by Me.ssrs, E. Vrodenburg and H. C. Das Gupta read at the 
Indian Science Congrof's, Lahore, in January, 1918. 
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General Refort for 1017. 

ECONOMIC ENQUIRIES. 


Antimony. 

21. Mr. A. M. Heron’s services were temporarily withdrawn 

from Tavoy for the examination of stibnite 
Amherst. deposits at Thabyu (Ainhemt district) within 

a few miles of the Siam frontier. The locality is unfortunately 
very inaccessible, but Mr. Heron saw several lodes, and the quan¬ 
tity of ore seems to be considerable. In spite of the inaccessi¬ 
bility of the locality and the consequent difficulty of* transport 
and of labour, Mr. Heron considers that the property offers a 
reasonable prospect of remunerative working. 

22. It was also proposed to examine the old workings for 

antimony known to exist in Mong Hsu 
Southern Shan States. estate in the Southern Shan States, and 

Mr. H. C. Jones was selected to undertake the investigation. 
Other work, however, prevented his taking this up before the- 
end of the period under review. 


Bauxite. 

23. Bauxite of high quality has long been known to occur on 
the laterite plateaux in the western parts of Chota Nagpur 
and in Sarguja, and information recently 'obtained pointed to the 
possibility of its occurrence in quantities and under conditions 
likely to make it of economic value. It was, therefore, decided 
to make a survey of those plateaux during the field-season 1917-18, 
and the work was entrusted to Mr. C. S. Fox, who reports that 
bauxite of excellent quality exists in Wcstem Chota Nagpur and 
in Sarguja though the occurrences are local and not of large extent. 
The most favourable places appear to be the cliff margins of the 
smaller isolated plateaux or the neighbourhood of gentle streani 
courses on the larger plateaux Netarhat). Invariably the rich 

grey deposit passes down gradually into a poor ferruginous laterite, 
but is abruptly covered above by a thin covering (the ‘ cuirasse 
de fer ’ of Lacroix) of pisolitic linionitic laterite. Mr. Fox con¬ 
siders it also almost ceitaiu that the rock laterite is everyw'here 
underlain by chocolate or cream-coloured clays or kaolin, and ho 
believes that the laterite was formed chiefly as the result of the 
hydration of basaltic lava flow’s of Deccan trap age. Trap flows 
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are seen on the Main fdt (plateau) of iSarguja and embedded 
boulders in situ are common in Chota Nagpur. 

Mica. 

24. Owing to the great demand for mica for munitions purposes 
India has been called upon for a largely increased output and every 
effort is being made to meet the requirements of the Ministry of 
Munitions. With this object in view exports of mica from British 
India, elsewhere than to the United Kingdom, were prohibited in 
September 1915. This measure was not however sufl&cient in itself 
to stimulate production and shipments or to ensure the careful 
selection and grading of Government standard mica. In May 1916 
a Government agency was organised for the purchase at fixed rates 
of all mica suitable for munitions purposes. Finally in March 1917 
it was found desirable to improve the system still further. Prices 
had meanwhile risen in the London market and free export to that 
market was again permitted without the intervention of the Govern¬ 
ment agent whose activities were then confined to the recpiisitiouing 
of stocks unreasonably withheld upcountry. Protracted rains accounted 
for a serious falling off in the output but shipments have steadily 
increased with advance of the cold weather. 

25. Attention has also been paid to the geological side of the 
industry, and members of the Geological Survey have been engaged 
for some months past in giving technical advice and assistance in 
established mining areas and also in searching for new sources of 
supply. In Bihar and Orissa, Dr. L. L. Fermor and Mr. H. Walker 
have examined the pegmatites of Sambalpur, Angul and Dhcnkanal, 
while Mr. G. H. Tipper has devoted his attention to Kodarma 
and neighbouring areas. With the sanction of the Durbar, Mr. 
U. C. Jones visited Udaipur and examined the belt of pegmatite¬ 
bearing schists and granites known to run through that State. He 
found that the pegmatites in the neighbourhood of Nansa, a few 
miles north of Gangapur, offered very favourable prospects, and 
Lieutenant Colin Campbell, whose services have been temporarily 

/ transferred to the Geological Survey by the military authorities, 
was sej)t there to prospect; Mr. Campbell fully confirmed Mr. Jones’ 
view^s and found a large number of promising veins containing ruby 
mica of unusually high average quality. The matter was brought 
to the notice of the Udaipur Durbar, and negotiations arc in pro¬ 
gress for the opening up of the deposits. 
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General Report for 1917. 

Molybdenite. 

26. The investigations undertaken by Mr. Walker with regard to 
the occurrence of molybdenite in the Madras Presidency have already 
been referred to in the General Report for last year. Work was 
continued by Mr. Walker in Madura district and subsequently in 
the Kadavur zemindary where wolfram was also reported to have 
been found. After an exhaustive search, however, Mr. Walker was 
unable to find any molybdenite of value or any wolfram at all. 

Petroleum. 

27. Dr. Paseoe resumed his investigation of the oil seepages of 
the Punjab. lie was chiefly occupied in the geological mapping 
of the Chharat area westwards to join up with a similar extension 
of the Chak Dalla area eastwards. He found that the C’hharat fold 
pitches and narrows two miles west of Chharat, where the Upper 
Nuimnulitic oiitcrop is only about 200 yards wide. Further west 
it widens, how'cver, forming the Banni Fateh Khan anticline extend¬ 
ing in a W. N. W. direction, and forking into two folds N. E. of 
Jvutehra. The southern half forks again, both forks dying out to 
the north of Kutehra, The northern half runs into the boundary 
fault separating the Lower Nummulitics and older rocks from the 
Upper Nummulitics and younger formations. No oil seepages are 
l eported from' the Banni Fateh Khan area. 

The Chak Dalla, or Kala Chitta, area lies on the northern side 
of the boundary fault and includes rocks of Lower Nummulitic, 
.Jurassic and Triassic age, thrown into a series of tightly packed 
isoclinal folds. Dr. Paseoe finds that there are fiv^e principal folds 
occupying the Kala Chitta Hills, one of them being the Chak Dalla 
anticline. This anticline, west of Chak Dalla itself, becomes very 
<;omplex in structure, but in the neighbourhood of the oil seepages 
is an overfoldcd isocline, the overfolding taking place towards the 
south. The oil comes from near the base of the Lower Nummulitic, 
a different horizon from that of other Punjab seepages, but is very 
small in quantity. During the dry season the indications consist 
only of bituminous earth, in small quantities ; they are regarded 
by Dr. Paseoe as of no economic value. 

28. The only other new locality visited by Dr. Paseoe was 
Dhulian, S. AV. of the Khaur oilfield. This area consists of a 
large flat dome in which the same rocks as those of Khaur are 
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exposed. The presence of oil at reasonable depths would seem to 
depend on the extent to which migration has taken place from the 
Nummulitic series into the Murree beds. 

Potash Salts. 

29. Dr. M. Stuart completed his work in the Salt Range and 
neighbouring areas by an exhaustive investigation of the salt quarries 
of Baliadiir Khel in Kohat district, where he found no trace of 
potash salts. On his return to headquarters, he submitted a full 
report of the results of his investigations. His views have already 
been summarised in the General Report of this Department for 1916, 
and it is now only necessary to add his conclusions as to the prob¬ 
able economic value of the respective areas examined. 

30. As indicated in last year’s report, Dr. Stuart believes that 
the salt was deposited originally in corresponding zones to those 
recognised by Bischof at Stassfurt. The three lowest of the Indian 
zones he names, in descending order:— 

(3) the Khewra zone, 

(2) the Warcha zone, 
and (1) the Kohat zone. 

The fourth or uppermost zone corresponding to the carnallite zone 
of Stassfurt has not been recognised and Dr. Stuart suggests that 
it may have been removed by overthrust. So far as the other 
three zones are concerned, the Kohat zone contains no potash salts 
except at Nandrakha, and Kalabagh, where, however, only traces of 
potash were found. Dr. Stuart considers, therefore, that the salt to 
the west of the Indus does not contain potash on a commercial scale. 

31. Potash was found in the Warcha mine in the cis-Indus Salt 
Range, where there is a seam of some thickness ; but it thins out 
to the deep. Tracers of potash, however, were found in other parts 
of the mine, and Dr. Stuart recommends that either exploratory 
shafts or borings should be put down with a view to further tests. 

32. At Nurpur, where a certain amount of potash salt has been 
excavated, the potash-bearing seams are very irregular and ex¬ 
tremely difficult to work. The beds exposed in the ravine were exhaust¬ 
ively examined, but no appreciable quantities of potash were found 
in them. 

33. The potash of the Khewra mine has already been referred 
to in previous reports. Dr. Stuart did not attempt further 
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prospecting, but suggests that it would be advisable to put down a 
boring at the northern end of the Khewra glen with a view to cutting 
through higher layers of the salt than have been expo ed in the 
Mayo mine. 

34. On the whole, Dr. Stuart believes that, although a certain 
amount of potash will always be found both in the Khewa and 
Warcha zones, the present distribution, which he regards as due 
to foliation, is so irregular that no continuous bed of potash is likely 
to be found anywhere throughout the Salt Range. He believes 
that the salt which, with its potash, was orginally deposited in 
stratified beds, has been sheared obliquely to its bedding planes 
and has thus been converted into a foliated metamorphic rock. 
He argues that the result of this will be the occurrence of bands or 
Icnticles of potash which may thicken out abruptly here and there, 
but will never be continuous for any great distances, and he considers 
that the recovery of potash salts in the Salt Range can only be 
profitable as a bye-product of salt-mining. Although Dr. Stuart’s 
tlieoretical deductions as to the tectonic conditions of the salt beds 
are still the subject of controversy, his conclusions regarding the 
economic possibilities seem to be the inevitable outcome of the 
results of his prospecting operations. 

Sulphur. 

35. On the re-transfer of his services to the Geological Survey 
from military employ, Dr. G. E. Rilgrim was engaged in geological 
work in the Persian Gulf, and visited the old sulphur mines at 
Lingah and Bostanah. The results of his investigations are not 
yet available. 

Tungsten. 

36. The Geologieal Survey party continued its work in Tavoy, 

and Messrs. Brown and Heron were employed 
in the same manner as during the previous 
year. The output of wolfram again rose very considerably, exports 
having amounted to nearly 5,000 tons, while in Tavoy alone, there 
was an increase of 20 per cent in the output, which amounted to 
3,653| tons as against 3,034 in lOlfi. Attention has been drawn 
to two new areas during the year,—Pe in the southern part of 
Tavoy district and Zimba in the north. Although the prospects 
in Pe are promising, not much work has yet been done in that 
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area, nor has any appreciable quantity of wolfram been extracted 
from Zimba, but the latter area is regarded as extremely promi¬ 
sing in spite of great difficulties in the matter of labour and trans¬ 
port. 

37. The small laboratory which was established by the Geological 
Survey at Tavoy in 1916 has now been closed the demand for 
assays having practically ceased to exist. The officers of the Tavoy 
party, however, still continue to make qualitative determinations 
of rocks and minerals for members of the mining community. 

38. The discovery of wolfram near Kalimati station on the 

... Bcngal-Nagpur Railway was recorded during 

SjH^nolltllTl* j*! j j; X £. "L. x. 

the year, and a few tons of ore have been 
extracted. It is proposed that, during the early part of the year 
1918, Dr. L. L. Ferrnor should visit this occurrence with a vicur 
to investigating its probable extent and capacity. 

39. The Degana mine is still being worked by Mr. Pearson in 

. co-operation with Messrs. Rolfe, Morris & Co., 

ajpu ana. output is small. This is largely due 

to the complete absence of water and the consequent impossibility 
of introducing any methods of sluicing. A certain amount of 
detrital material has been worked over, however, and wolfram 
extracted from it by sifting. This, however, is a very unsatis¬ 
factory method as compared with sluicing.- 


Water. 

40. During October and November, 1917, Dr. G. E. Pilgrim 

„ . ... made an exhaustive investigation into the 

Bandar Abbas. i r 

possibilities of a subterranean water-supply for 

Bandar Abbas on the Persian Gulf. He was able to make recom¬ 
mendations which will probably secure a sufficient supply to meet 
present requirements. 


GEOLOGICAL SURVEYS. 

41. Owing to the many important and urgent investigations 

required in connection with the supply of 
minerals for purposes of the war, systematic 
suive-v operations were almost entirely suspended during the 
year under review. Mr. N. D. Daru completed his work in Jaisalmer 
State. This has already been referred to in the General Report for 
1916, 
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Central Provinces. 


Mr. K. A. K. llallowes was employed in 
mapping the alluvium of the Wainganga river. 

42. Dr. M. Stuart was employed in a geological and' mineral 

survey of the district of Putao in Northern 

Ouritlllf PutflO* TT X»"/1 * J" 

Burma. He was cniefly engaged m iiivesti- 

gating the old lead slags said to occur in very large quantities in 
that district. He found, however, that the quantity was not so 
great as has previously bc^n supposed. 

43. The Tavoy party continued the geological survey of that 

district. Owing to the necessity for his re- 

maining in close touch with the Deputy Com¬ 
missioner and the mining community, it was impossible for 

Mr. Brown to take any active part in this work. It continued 
however, to be under his general supervision, while Mr, Heron 
and Messrs. Sethu Kama Rau and Vinayak Rao remained in the 
field throughout the working season. Practically the whole district 
of Tavoy has now been surveyed geologically, with the exception 
of certain areas for which topographical maps are not yet obtaina])lc; 
the Ban-Tenasserim region and the Coastal Range also still remain 
to be surveyed. In his report on the operations of his party, 
Mr. Brown draws my atteiitioji to the great difficulties encountered 
in the course of the survey. With reference to certain parts, he 
says, “ there are few villages and practically no roads. Transport 
is almost impossible to obtain, and then only at exorbitant rates 
while work is made difficult bv dense, forest growth. The diffi- 
culties of the country make it essential to travel with the smallc.st 
possible amount of kit, and the way in which Mr. Heron ajul the 
two Sub-Assistants have cheerfully faced fatigue and exposure, 
even at the risk of health, in order to complete the systematic 
survey of Tavoy, deserves high commendation.” 

The above picture of the country in which field-work has re¬ 
cently been in progress is no exaggeration and the work of the 
past three years reflects great credit on ail members of the party. 
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The Cassiterite Deposits of Tavoy. By J. Coggjn 
Brown, M.Sc., M.InstM.M., M.I.M.E., F.G.S., Assistmit 
Superintendent, Geological Survey of India. 

I N a paper submitted to the Geological Section of the Indian 

Science Congress in 1916, I discussed the 
Introduction. . . o .1 1 v 1 • 

origin Of the wolfram and cassitcntc-bearing 

quartz lodes of the Tavoy district in Lower Burma, one of the more 

important wolfram mining centres of the ivorld. It was pointed 

out therein that the sedimentary rocks of the Mergui Series, which 

form the greater part of Southern Teiiasserim, have been pierced 

by great intrusions of acid granites, and that the final phases of the 

intrusions were distinguished by the formation of pegmatites, aplitos, 

quartz lodes and segregations, greisens and quartz porphyries, 

possessing a roughly peripheral disposition around the parent 

masses. The granites contain cassiterite, wolfram and molybdenite a.s 

accessory minerals Tlie pegmatite veins and quartz lodes contain 

wolfram, cassiterite, scheelite in small quantities, native bismuth, 

bismutliinite and sulphides of iron, copper, arsenic, antimony, lead 

and zinc. Gold is found in the placer deposits of the district atul 

probably comes from the lodes, but it has not been discovered iv, 

situ up to date. 

At the present time the mining industry is concerned chiefly 
with the exploitation of the wolfram deposits both lode and dctrital 
and the importance which this mineral, so essential in the produc¬ 
tion of munitions, has assumed, has, to some extent, overshadowed 
the occurrence of cassiterite and the possibilities of its extraction 
on a commercial scale. It is the object of this paper to bring 
together a few observations on the presence of tin ore in Tavoy. 

The date of the beginning of tin mining in Tavoy is lost in 
History obscurity, but judging from the extent and 

character of the ancient w'orkings, it must 
have been carried on for a very long time. An intimate acquaint¬ 
ance with the district leads me to conclude that the old miners 
removed very considerable quantities of tin-stone by ground- 
sluicing methods. The remains of tail-races and dumps have been 
found in most of the larger valleys, and modern hydraulic raining 
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often exposes the old pits from which the cassiteritc-bearing gravels 
were won. 

Tavoy became part of the British Empire in 1825. As early 
as 1836, Captain Low published a list of tin mines, and stated that 
they found employment for 400 Burmese during 4 months of the 
year. 

In 1839, Dr. Heifer published the results of his travels in Ye, 
Tavoy and Mergui. He came across tin-stone workings 40 feet 
deep in the alluvium near Myitta, and discovered a cassitcrite lode 
near Wunpo. This place is probably the '^nodern Egani, where 
extensive ancient workings have been found recently. 

In 1842, an anonymous writer mentioned the occurrence of 
cassiterite in the Talaingya and Taungbyauk chaungs. 

In 1849, O’Riley published a paper dealing with the metalli¬ 
ferous deposits of Tenasserim in which a list of tin mines is given, 
including the Taungbyauk chaung, the head waters of the Tenas¬ 
serim and the stream flowing into the Heinze Basin. 

About this time a most interesting work appeared by Dr. Mason, 
one of the early American missionaries in Lower Burma. It is an 
encyclopaedic account of the natural history of Tenasserim, with a 
portion devoted to geology and mineralogy. In it I have found 
the earliest reference to Tavoy wolfram with which I am 
acquainted. It also contains a brief description of certain tin mines 
in Mergui. According to Dr. Mason :—“ Tin is abundant in the 
Provinces, commencing from the mountains in which Tavoy and 
Henzai rivers have their rise, the northern limit of tin in the Pro¬ 
vinces, to the southern boundary of Mergui, Pakchan River. The 
richest locality in the province of Tavoy is nearly opposite the 
city of Tavoy on the eastern side of the mountains.” That large 
quantities of tin must have been found in Tavoy three hundred 
years ago, we have evidence in an incidental remark of Mr. Ralph 
Fitch; who, says Mr. Hough in the Moulmein chronicle, “ travelled 
in this part of the world about the year 1586, or 1587.” He says 
“ I went from Pegu to Malacca, passing many of the sea ports of 
Pegu, as Martaban, the Island of Tavi whence all India is supplied 
with tin, Tenasserim, the Island of Junkselon, and many others.” 

In 1852, O’Riley appeared again with statistics of tin mining 
in T^voy which were contradicted by Dr. T. Oldham, the first 
Director of the Geological Survey of India, who, some years pre¬ 
viously had laid the foundations of our geological knowledge 
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of Tavoy and Mergui. Heifer came on the scene again in 1859, 
and in 1861 samples of tin ore from Hcinze, Nwalabo and Khamaung- 
hla were displayed at an exhibition in London. 

In 1905, the Golden Stream Syndicate issued its prospectus. 
This concern had prospecting rights over aiv area of 350 square 
miles, including most of Paungdaw and the upper Kainaungthwe 
valley, but its operations were unsuccessful. 

It may be mentioned that during the years 1889-91, the Govern¬ 
ment of India supported three large prospecting parties to recon¬ 
noitre the Mergni district. They were under the charge of T. W. 
II, Hughes of the Geological Survey. It is to be regretted that 
Tavoy was not included in the scope of this work. 

How is it that tin mining has attracted so little attention during 
the long period of years in which the existence of the de})osits 
of Tavoy has been known ? Many reasons can doubtless be 
advanced, but the greater weight must, in my opinion, be given to 
the follouinir:— 

I 

(«) the isolation of the district, 

(5) the lack of internal communications, 

(c) the small population. 

I am inclined to think that the tin industry, as described by the 
early European writers from Captain Low onwards, was already in 
a moribund condition, for the area covered by the old workings 
and the vast amount of ground that has been treated, seem to 
indicate a time wheji the population was a numerous and pros¬ 
perous one. It is possible that indigenous tin mining was almost 
extinguished during Alompra’s invasion in the middle of the 18th 
century. It is recorded that, after the Talaings were overthrown 
in the north, the Emperor marched down the maijiland of Hl’enas- 
-serini, while his convoys sailed dowu the coast. Arriving at Tavoy, 
the expedition was delayed by the resistance of the Siamese garrison, 
which was at length betrayed. Owing to this event a series of 
massacres was commenced before which the earlier deeds of the 
invaders 2 )ale into insignificance ; every town southwards from Tavoy 
was blotted out of existence, and the inhabitants either jmt to the 
sword or sold into slavery. 

In these events we may find the solution of the problem ; the 
-local mining industry received a check from which it has never 
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recovcred, and extensive tracts of a very fertile district were de¬ 
populated to an extent which has not been made up since. 

In 1908, when Mr. J. J. A. Page, then an officer of the Geological 
Survey of India, commenced his enquiry into the conditions of tin 
mining in Tavoy, the output was barely one ton per annum. In 
1909, wolfram was met with in several localities, and from that 
date the production of this mineral has steadily increased, the total 
amount produced by the district up to the present time being over 
li,000 tons. 

A statement is given below showing the annual production of 
tin ore in Tavoy from the year 1903 onwards :— 



Amount. 







Tens. 

Cwts. 

Qrs. 

lbs. 

1903 

• 

* • 

• 

• 

• 

1 

7 

3 

0 

1904 

• 

• • 

• 


• 

1 

10 

0 

25 

1905 

• 

• • 

• 

• 


1 

10 

1 

22 

190C 


• 

• 

• 

• 

I 

5 

2 

01 

1907 

• 

• 


• 


0 

12 

0 

12 

1908 

• 

• • 

• 

• 

• 

1 

10 

0 

8 

1909 


• ■ 

• 

• 

• 

0 

5 

3 

21 

1910 


» • 



m 

0 

6 

0 

3 

1911 

• 

• • 

• 

• 

« 


Nil 



1912 

• 

• • 

• 

» 

• 

CO 

9 

3 

0 

1913 

• 

« • 

• 

• 

• 

04 

0 

3 

14 

1914 

• 

• • 

• 

• 

• 

45 

9 

0 

0 

1915 

• 

• 

■ 


• 

3 

17 

2 

20 

1910 

• 

• ■ 



« 

39 

9 

3 

8 

1917 

• 

• • 



* 

125 

7 

2 

m 


Cassiterite is found in Tavoy in lodes, in detrital deposits, in placer 


occurrence. 


deposits and as an original accessory in certain 
granites. 
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Cassitcrite is almost always found in close association with 
Lodes wolfram. Only one instance is known of a 

cassiterite-quaitz lode which contains no 
wolfram. Examples of quartz lodes containing wolfram to the 
almost total exclusion of cassitcrite are commoner, but, as a general 
rule most of the Tavoy wolfram lodes contain some cassitcrite. 
This mineral tends to rise in quantity in certain w'ell-markcd zones. 
For example the ores of the lodes in the granite of the northern 
extension of the Paungdaw-Wagon intrusion, are very “ tinny ” 
and the proportion of tin oxide in the mixed concentrates may 
rise as high as 25 per cent. Cassitcrite is present in relatively larger 
amounts in lodes traversing granite than in others which pierce 
sedimentary rocks, though there are exceptions to this rule. Some 
of the mixed lodes arc of simple peginatitic origin while others 
arc of hydrothermal and pncumatolytic genesis. The associated 
minerals arc nearly all micas with sulphides of iron, copper, molybde¬ 
num, lead, bismuth or zinc, the iron sulphides vastly predominating ; 
small quantities of fluorspar also occur. Specimens have been col¬ 
lected which show that in some lodes the tin mineral was the first 
to be deposited, the timgstcn compound coming second, but this 
is very rare ; in most examples tin has clearly followed tungsten. 

Greisens carrying both wolfram and cassiteritc frequently border 
the mixed lodes when they traverse granite. They furnish a certain 
proportion of concentrate. Cassitcrite tends to be more widely 
disseminated in the greisciis than wolfram. 

The lodes are worked by open cast and underground methods 
and practically the whole of the Concentrates are recovered by the 
primitive and wasteful processes of “ cobbing and panning.” It 
is impossible to separate wolfram and cassitcrite by mechanical 
methods, and up to very recent times the mixed ore was shipped 
as such. The installation of a magnetic separator in Tavoy has 
resulted in a portion of the mixed concentrates being separated 
before shipment. The rise in the production figures for tin ore 
during 1917 is due partly to this cause. Most of the tin ore raised in 
Tavoy is sent to the Federated Malay States for smelting. 

It is often asserted by mining engineers that the wolfram- 
cassiteritc lodes of Tavoy will tend to become richer in cassitcrite 
as greater depths are attained in mining them. Whatever theoret¬ 
ical grounds there may be for this assumption, I am not aware 
of any field evidence which tends to confirm it at present. 
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The larger proportion of the mixed concentrates of Tavoy are 
,won from the detrital deposits of the hill- 

Oetriial deposits. j i ^ 

sides during the rainy season. In a country 
of such exceptional deniidatioii it is only natural to expect the 
lodes to disintegrate quickly and to shed their metallic contents 
into the soil. True eluvial deposits are found on the hillsides in 
which the lodes crop out, and the minerals are washed out by 
streamlets into the main arteries of surface drainage during 
rain storms. Working from these the prospector can locate with ease 
the areas occupied by the mineral-bearing ground, which are often 
of considerable extent, and tend to become richer as the parent 
lodes are ap 2 )roachcd. Stones and boulders are very common in 
these detrital or eluvial deposits and often make up a large percent¬ 
age of the total ground. 

They are exploited by hydraulic methods of various kinds. If 
the location is suitable, water is led on to the ground by ditches or 
flumes ; after breaking down the ground, the minerals arc recovered 
in tail races or boxes. Should no natural water supfily be avail¬ 
able, it is often found profitable to raise water from a neighbouring 
stream by the aid of 2 >nm 2 ung machinery, or even, in cases of excep¬ 
tionally rich ground, to excavate it by hand and transport it down 
hill to a water supjdy.. The most efficient and cheaj^est method of 
working is to break down the deposit by water under high pressure 
discharged from a monitor. Several installations of this type are 
now at work in the district. 

The amouTit cf cassiterite found in eluvial de2)osits deiiends to a 
large extent on two factors :— 

{a) the amount of the mineral jirescnt in the neighbouring 
lodes, 

(h) the distance of the deposit from the parent lodes. 


It will be shown in a later paragraph that wolfram does not 
travel far when compared with tin-stone. 

Wolfram is never found in true placer deposits, although a 

contrary opinion has often been advanced. It 
may reach the foot of the hill-sides where the 
eluvial deposits of the slopes merge into the water-sorted ground 
filling the valley bottoms. When wolfram and cassiterite are 
broken out of a lode by the action of the weather and begin 
to travel downhill, the wolfram disappears long before its journey 


Placer deposits. 
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is ended, whereas the tin-stone continues, and is preserved even¬ 
tually in the alluvial deposits of the valley. The only wolfram 
ever seen in placers occurs tightly enclosed in unfractured quartz 
to which it owes its preservation. Chemical analysis of the tin 
ore obtained by dredging in Tavoy reveals as a rule, less than 
0*25 per cent, of WO,, though the dctrital deposits of the slopes 
from which the placers are derived nould probably shou' more 
wolfram than cassiterite. Wolfram possesses a very perfect cleavage, 
Avhich results in its rapid comminution on movement, and the 
production of a fine-grained form eminently suitable for the chemical 
action of the various solvents it meets with during its passage 
through the soil. In this respect it resembles molybdenite. The 
onlv mineral of commercial importance in the placers of Tavoy is 
cassiterite. 


Recent deposits in Tavoy include the modern alluvium which 
forms the paddy plains, the islands of the tidal 
Ta^oy^dLstrk-7***'*^ rivers and the swamps along their banks, the 

modern lateritos and lithomarges, the sands 
of a rapidly falling coast and the wolfram and, cassiterite-bearing 
dctrital deposits of the hill-sides. In some of the smaller valleys, 
the modern alluvium is being derived partly from a re-assortment 
of the older alluvial deposits. 

The sub-recent or late Tertiary deposits are of great extent and 

importance, for it is in them that the richer 
Terlki/y^^deposUs. cassiterite placers are likely to occur. They are 

found as river-terraces raised above the present 
level of the inland streams ; as lacustrine and fluvio-lacustrine deposits 
laid dowm in the still w'aters of the Myitta and other lakes ; as 
deejj eluvio-alluvial beds in the submerged basin of Kanbaiik ami 
olher places; as clay banks containing the remains of marine animals, 
«and now found raised above the level of the sea in the vicinity of 


Tavoy estuary. 

There is abundant evidence in the district of wide-spread secular 
movements, and while the full sequence of these events has still 
to be worked out, evidence is not wanting to show that there has 
been a general depression of the coast-line and interior. I agree 
with Mr. Heron that the interior regions appear to have undergone 
a more recent uplift as well. The deposits of the Kanbauk area 
were accumulated in a rapidly sinking valley which must have 
stood at a comparatively higher level at one time than it docs to-day. 
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The valley is narrow and there has been an intermingling of the 
eluvial deposits of the steep hill-sides with the true river alluvium ; 
as a consequence both cassiterite and wolfram are found in them. 

The deposits qf the Myitta valley must have been laid down 
under fluvio-lacustrme conditions. The changes in the level of the land 
interfered with the drainage of the main branches of the Upper Tcnas- 
serim, the Kamaungthwe and the Ban Chaung, the flow of these 
streams was prevented and large sheets of water must have slowly ac¬ 
cumulated ; deposition became the rule where erosion is taking place 
to-day. At the same time the lakes became rapidly filled in with 
the material washed down by innumerable streams from the steep 
slopes surrounding them. Some of these streams drain granite 
country and cross the contact of the granite with the Mergui sedi¬ 
mentary rocks. Mineral-bearing lodes yielded their metallic contents ; 
the wolfram and molybdenite were dissolved and lost; the resistant 
cassiterite was carried down and deposited in the sands and gravels 
at the edges of the lakes. To-day the streams are cutting into the 
older deposits owing to recent uplift. The Myitta lake is typical of 
others, though it seems to have been the largest one. Similar condi¬ 
tions prevailed in the Zimba and other valleys tributary to Tavoy 
river. 

The beds as exposed in the Myitta valley consist of pebble banka 
and gravels loosely cemented together, of soft shales and sand rock. 
Interbedded with them are thin seams of lignite and rare pieces of 
silicified wood. The lignite is of no economic importance. (The 
coal of the Tenasserim valley in Mergui perhaps was formed about 
the same time under much the same conditions). The deposits 
of the Myitta valley cover scores of square miles. They certainly 
attain a maximum depth of 50 feet and probably more. The clay 
bands have a slight dip in various directions. Along the shores of 
the old lakes ancient stream tin workings are common, and the single 
tin dredge which the district possesses is operated successfully on a 
narrow arm of the old lake which extended up the present Hindu 
chaung valley. 

Most of the larger streams of \he distiict contain raised river 
terraces. The Pauktaing has them at Thingandon. They also occur 
in the Maungmeshaung, where they yield good values, and in the 
Kalonta, Heinze and Zimba chaungs. The Zimba deposits are 
said to be honeycombed with ancient workings. 
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Around Tavoy itself deposits of the same age are to be seen. 
In the river banks above the town the older clays may be observed 
dipping at low angles below the recent alluvium, and all the deep 
wells of the civil station on Tavoy hill penetrate into a stratum of 
gravel containing large waterworn quartz bordders, a typical 
sub-redent w'ash. 

It has been demonstrated recently that both cassiterite and 

wolfram may exist as original accessory minerala 

Origin of the cassl- certain Tavoy granites. This is proved by 
torite in the Sub-recent . , .... . 

placers. panning large quantities of decomposed granite 

obtained in situ. It is possible then to have 

deposits containing cassiterite and wolfram, without the presence of 

quartz lodes, pegmatites or greisens containing these minerals. 

A\’hether such deposits can be mined profitably or not is another 

question which is now being studied. 

One of the most important stages in the geological history of 
Tavoy was the exposure of the granite intrusions to denudatron 
by the removal of their sedimentary covering, and the active erosion 
of the granites and their enclosed lodes. It has been shown by the 
Geological Survey party that the granites which are responsible 
for the mineralisation in Tavoy have an exceptionally uniform 
character over great areas. We also believe that they were formed 
by the same agencies at about the same period of time, and, we 
are faced wdth the jiroblem of accounting for the fact that large 
expanses of them show no signs of mineralisation and contain no 
quartz lodes. A glance at the geological map of the district shows 
that all producing mines of any importance are near a granite contact, 
tliat the larger mines are located in positions wdicre the gi'anite 
bands are narrowed, that the biggest of all is situated on a very 
small granite exposure of its own. 

My personal view is that the size of a granite exposure is some 
measure of the amount of erosion that it has Undergone. I believe 
that the granite masses are roughly w^edge-shaped, narroAS'ing to 
the tops of the intrusions and broadening out below. The wnde 
expanses of granite exist as such, because they have sufiered severe 
denudation and they show no signs of lodes, because they have been 
cut dowm below the inner limit of mineralisation and any lodes 
that existed originally have been removed right dowm below their 
roots. 
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Wolfram and molybdenite in such cases have been lost, but the 
cassiterite is concentrated in the sub-recent placers, especially along 
the edges of the old lakes such as that of Myitta, which is surrounded 
at its northern extremity by portions of the Sinbo-Sinma granite 
massif, one of the largest exposures' of granite in Tavoy, and also 
one which is unimportant from an economic point of view, for the 
reasons which I have advanced. 

A cutter and suction dredge owned by Messrs. Booth and Milne, 
is operated successfully near Taungthonlon about 
prospects!**^*"* *** miles east of Tavoy on the Siam road. It 

excavates the old lake deposits which are situated 
below the modern river gravels, to a depth of 15-20 feet. Pieces of 
the old deposits which sometimes come through the machine consist 
of white clay containing a few quartz pebbles, and thickly studded 
with small, rounded pieces of black or brown cassiterite and frag¬ 
ments of topaz. Most of the ore appears to occur in a clean gravelly 
wash, very amenable to treatment on a dredge of this type. The 
deposit contains no large boulders and sunken logs are the only 
cause of trouble. They occur infrequently. The ore is of unusual 
purity. Its wolfram content is a mere fraction of 1 per cent, and 
is derived from small pieces enclosed in quartz. It contains small 
amounts of ilmenite, garnet and gold. The owners hold a lease 
over a large area of ground, sufficient for more extended operations 
and likely to last for many years to come. 

I believe that there are many localities in Tavoy district where 
almost identical conditions occur and where there are good pros¬ 
pects of obtaining cassiterite in commercial quantities. The con¬ 
ditions prevailing in the Hindu chaung are reproduced almost 
exactly in numerous other valleys, and in all cases the presence 
of deposits profitable enough to engage the serious attention of 
the ancient miners is proved by the occurrence of old workings. 

It is remarkable that the potentialities of some of these localities 
have never been investigated. I may cite the case of the Thingadon flats 
in the Pauktaing valley, which are crossed by the most important 
motor road of the district. Here there is a stream with tributaries 
rising in the same gramte ridge, and almost in the same line as 
those of the Hindu chaung. Both drain identical country. Further 
than this, the Thingandon flats form the only natural basin of 
deposition in the whole course of the main stream. Old river-terraces 
exist and ancient workings have been traced over an area of several. 
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thousand square feet; they are at least 20 feet deep and 
probably very much more extensive, being hidden by dense bamboo 
jungle. Cassiterite can be panned out of the stream-banks themselves, 
yet the area has never been properly tested by borings or pits and 
no one knows the depth, extent or value of the deeper-seated 
gravels. 

The scientific investigation of tin-bearing alluvium is neither 
a lengthy nor an expensive process, and if it is done properly, once 
the ground is, valued and local conditions studied in detail, definite 
conclusions can be arrived at as to the suitability or otherwise of 
the deposit for dredging. Owing to the large number of boulders 
which are often interspersed in the clays and- pebble-beds, boring 
is generally out of the question. Most of the prospecting work 
of this nature in Tavoy will have to be done by pits, but experienced 
Chinese labour is available for doing this and the rates paid for 
sinking, which is generally done on contract, are not particularly 
high. 

I give below a list of localities in Tavoy district, which, in my 

opinion, are well worth prospecting for de- 

l^flVOIlf*flDlC lOCAlltlCS* •, A If a. a. 

posits of alluvial cassiterite :— 

(a) the Myitta valley, including the basins of the Ban and 
the Kamaungthwe chaungs and their tributaries, especially 
the Heinda, Myekhanbaw and Seinpyon chaungs ; 

(&) the upper valley of the Kahmaunghla or Mauiigme- 
shaung chaung ; 

(c) the country around Onhbinkwin and the Heinze Basin; 

(d) the gravels of the Zimba chaung ; 

(c) the alluvial deposits in the upper portion of the Anyapya 
chaung and its tributaries ; 

(/) the Thingandon flats of the Pauktaing chaung; 

{g) the placer deposits in the vicinity of the Heinze chaung j 
(h) the alluvial deposits of the Taungbyauk chaung. 
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Les Echinides des “ Bagh Beds par R. 
Fourtau (Planches i, 2 )} 

Grace a Tobligeante intervention rlu Dr. W. !F. Hume, 
Directeur du Geological Survey of Egypt, M. Hayden, Directeur 
du Geological Survey of India, a bien voulu m’envoyer en commu¬ 
nication les echinides des “ Bagh Beds ” faisant partie des 
collections de son service conservees au Musee de Calcutta. Ces 
echinides avaient jadis ete etudies par le prof. P. Martin Duncan^ 
qui avait conclu de leur etude que les couches ou ils avaient ete 
recueillis etaient cenomaniennes, et comme les “Bagh Beds” 
renferment en dehors de ces echinides pen de fossiles determiiiables, 
on a admis jusqu’a ce jour qu’ils etaient cenomaniens. 

Ur, parnii les formes citees par Duncan, il en eta it deux qui 
m’intriguaient enormement: Salenia Fraasi Cotteau et Echino- 
hrissus Goyheti Cotteau dont les types proviennent du Liban, mais 
se trouveut, en realite, dans des couches plus anciennes que le 
Cenomanien et que les decouvei*tes recentes du R-P.Zumoffen, 
professeur de physique a I’Universite St. Joseph de Beyrouth, out 
permis de synchroniser avec I’Aptien du pourtour de la Mediter- 
ranee occidentale. Si done, il s’agissait veritablement des deux 
types syi'iens, les “ Bagh Beds ” ne pouvaient plus etre consideres 
comme cenomaniens ou, du moins, I’on pouvait emettre un doute 
sur les conclusions stratigraphiques du savant echinologiste anglais, 
conclusions qui ne concordaient guere avec la these soutenue 
quelques annees auparavant par Pun des explorateurs de ces 
regions, M. P. N. Bose. 

Je n’ai pas ici a apprecier les arguments einis au cours d’une 
discussion qui remonte dejii a bien des annees; mais je tiens d’ores 
et deja a declarer que si, au point de vue paleontologique, je n’ai 
pu me rallier aux assimilations proposees par Duncan, je demeure 
comme lui convaincu que les “ Bagh Beds ” forment un ensemble 

* This paper by M. R. Fourtau, Paleontologist, Geological Survey of Egypt, 
was received in June, 1914, but its publication has been delaj^d until now owing 
to the difficulties attendant on the preparation of the plates in Paris.— Editor. 

* P. Martin Duncan.—Note on the Echinoidea of the cretaceous series of the 
Lower Narbada Valley with remarks upon their geological age. Secords of the Oeol, 
Survey of India. Vol. XX, pp. 81-92, et 1 pi. non numerotee. 
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bien defini de formations apparteuant ii uue seule epoque geolo> 
gique. 

Les divergences que Ton pent constater outre les resultats de 
mon etude et les assimilations proposees par Duncan ne sont pas 
an fond aussi grandes que I’on pourmit le croire au premier abord; 
elles proviennent simplement de ce fait que Duncan doit avoir 
voulu maintenir ses premieres conclusions faites pour la Societe 
tieologique de Londres^ a uno epoque oil les savantes recberchcs 
de Cotteau, Peron et Gauthier sur les Echinides fossiles de PAlgerie 
n’avaient point encore ete publiees et, surtout, de la conception 
que Foil avait on ce temps la de Fospece geologique, conception 
centre laquelle Duncan s'est toujours efforce de reagir. II est 
a lie un peu trop loin dans cette reaction et les conclusions de son 
etude des Echinides des Bagh Beds ” en sont une preuve de plus. 

T1 est evidemment des formes banales que Fon rencontre un pen 
jiartout; mais, mOme dans cos formes que Fon trouve sur une aire 
geograpbique ties etendue, Fon pent constater des differences 
constantes justifiarit la creation d’une variete ou d’une race. En 
tout cas, quolque soit le soi*t qu’auront les conclusions de mon 
etude paleontologique, j’estimerai avoir fait oeuvre utile en 
indiquant les affinites des Echinides des “ Bagh Beds ** avec des 
formes depuis longtemps decrites et auxquelles Duncan ne les a 
pas compares, ])ersuade qu’il etait d’avoir affaire lU une faune in- 
l onlestablement cenomanienne. 


Dobocidabis Namadica,® Duncan, 1887. 
fPl. 1, fig. 1, 2.) 

Syn.; 1887 Cidnris naniadicus Duncan {Rec,, G. S. I. p. 87, pi. 

sans No., fig. 1-3). 

Dimensions. —J’ai sous les yeux des fragments considerables 
de cette belle forme; ce sont ceux qui ont ete etudies et decrits par 
Duncan lui-nieme ainsi que deux aiitres recueillis depuis. II m’est 
cependant impossible de donner des mensurations exactes du test 


* P. Martin Duncan.-—Description of the Echinodermata from the strata on the 
South-East coast of Arabia and TBagh on the Nerhudda. Quart. Joum. Gtol. 8oc., 
XXI, p. 348. Duncan ne parait cependant pas s’^tre trop pr#occup6 de cette 
publication car il n’en parle point dans la avnonymie des especes citees dans le 
travail de 1887. 

“ Le mot Cidar'm cl ses composes etant feminins, j’^cris namadinn et non 
namadicus comme a ecrit Duncan. 


D 2 
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en m’aidant de tous les fragments que j’ai a ma disposition; 
aussi ne doit-on considerer les dimensions indiquees par Duncan 
que comme des approximations tres pies de la lealite. Autant que 
Ton pent s^en rendre compte, le rapport de la liauteur au diam^tre 
du test varie entre 0*70 et 0*85 suivant la taille de Tanimal. 

Test atteignant d’assez grandes dimensions, proportionellement 
tres 6 leve. 

Ambiilacres etroits, flexueux, a zones poriferes tres deprimees. 
Zones poriferes formees de paires nombreuses, serrees et legerement 
obliques de pores ovales acumines en dedans, separes par un rende- 
ment granuliforme qui se rattaclie par sa partie superieure a une 
petite cote transversale separant les paires de pores, et laisse entre 
la cote precedente et sa partie infericure un e.sj>ace libre et deprime 
oil passe le sillon d’un filet nerveux partant du pore interne et allant 
dans Tinterambulacre voisin. Espace interzonaire garni de quatre 
rangees des petit's granules mamelones dont les deux inteines 
n’atteignent ni le periprocte ni I’apex; a Tambitus, on apor^oit sur 
les grands exemplaires quelques petites vermes microscojiiques 
disseminees 5 a et la entre les granules des rangees internes. Ces 
granules sont generalement un pen plus petits que ceiix des rangees 
cxterneg; sur un grand specimen, cejiendant, ils sont un peu plus 
developpes. 

Interambulaci'es portant deux rangees de plaques coronales 
devenant do plus en plus bautos a mesure qu’elles s’approcbent de 
Papex. Tuberciiles principaux peu eleves, pcrfores, increnele^ et 
entoures d’un scrobicule legerement creuse. Dans cliaque inter- 
ambulacrc une des plaques coronales periapicales porte un tuber- 
cule semi' atropliie, represente par un gros granule mamelono et 
entoure d’un scrobicule rudimentaire. 

Cerclcs scrobiculaires tangents entre eux a la face inferieure et 
a I’ambitus, s’arrondissant cependant assez rapidement; au dessus 
de Pambitus ils sont nettement s 6 pares et circulaires. Ces cercles 
sont formes de granules mamelon^, places sur des socles allonges a 
Panglo exterieur desquels viennent s’intercaler de gros granules 
piriformes qui n'atteignent cependant pas le scrobicule. Zones 
miliaires adambulacraires pratiquement nulles. Zone miliaire 
mediane a peu pres nulle pr^s du peristome, puis s*elargissant peu 
h peu en remontant vers Papex tout en restant toujours ^t’roite; 
elle est orn^e de granules serres, aplatis, inegaux et d*autant plus 
petits qu’ils s’approcheut de la suture mMiane, paraissant vague- 
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uicnt series sur les plaques bien preservees. Les plaques usees par 
1 ’erosion laisseiil voir de nonibreux silloiis nerveux aeparaiit les 
laugees iiori/iontales. 

Les sutures horissontalcs des plaques sont tres nettes ot parais- 
*ent munies de fossettes par suite de la hauteur des cercles scrobi- 
culajres. La suture mediaiie est tres deprimee et aux angles des 
sutures horizontales cette depression s’accentuo faisant croire a 
rexistence d’une fossette puiictiforme, mais sur les parties bien 
coiiservees du test on s’aper^^oit que cette depression est couverte 
de granules iniliaires. 

Rapports et Differences .—Duncan n’admettait aucun demem- 
brement du genre Cidaris; il n’en est plus de meme aujourd’liui. 
Par ses tubercules j)riiic!ipaux increneles, par ses zones poriferes 
a pores non conj agues, par la suture mediane dieprimee de ses 
iiiterambulacres, par la disposition des filets nerveux sur le test, et 
enfin par 1’absence de veritables fossettes aux sutures de ses plaques 
coronales, la forme des Hagli Beds est un veritable DorocidarU Al. 
Agassiz. 

Duncan I’a uni(|uement comparee an Typocidaris cenomanensis 
Cfitteau et Fen a distinguee par ses tubercules principaux pins 
nombreuXj'par sa suture mediane plus dcprim'ee ei par la granula¬ 
tion plus grc)ssicre de sa zone miliaire, differences auxquelles il 
faut ajouter Fabsence de fossettes suturales. 

Mais, il ii’est pas inutile de la comparer a certain autres 
Cidarid/e cretaciques dont elle est assez voisine. 

Cidaris jJi'ftiosa Desor est raoins haut, ses tubercules principaux 
sont moins nombreux et ils ont des cercles scrobiculaires plus pet its 
et moins tangents entre eux, la zone miliaire mediane des inter- 
ambulacres est plus large et leurs zones miliaires adambubuaaires 
sont plus etendues; on ne peut nier cependant qu’il n’y ait beaucoup 
de ressemblance dans la form© et Fornementation des ambulacres 
de ces deux formes, surtout si Fon considero le spiicimen indien 
dont les ambulacres ont les granules des rangees internes plus 
developpes que ceux des rangees externes ce qui est un© des princi- 
pales caract^ristiques du C. pretiosa. C. pyrenaica Cotteau est aussi 
ties voisin; je n’ai pas en main les mat^riaux suffisants pour veri¬ 
fier si, eomme Fafl^mc de Loriol,^ C. pyrenaica doit etre reuni 
au C. pretiosa, en tout cas les memes differences le separent du 
Dor. namadica. 


* Cf. de Loriol,—Eohinologie belv^ique, Ter, ere. p. 27. 
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Typovidaris malum A. Gras est proportiounellement aussi bant 
quo le jeuue specimen des Bagb Beds; mais ses ambulacres sont 
moin siuucux et leur espace interzouaire est orne de rangees de 
granules plus nombreuses, les tubercules principaux sont moins 
noinbreux par serie et leurs cercles scrobiculaires sont plus petits, 
les zones miliaires sont incoinparablemeiit plus etendues et Ton 
obsei-ve des fosse ties tres distinctes sur les sutures des plaques 
coi'onales. 

Dorocidaris Jullteni Gauthier ne s’en distingue guere que par 
Bornementation plus abondante et toute difterente de 1’espace 
interzonaiie de ses ambulacres et par la granulation plus fine des 
zones miliaires de ses interambulacros. Dor. Iltieryi liumbert a 
des ambulacres moins sinueux, son test est beaucoup j)lus deprime, 
les zones miliaires do ses interambulacres sont j>Ius etendues et les 
cercles scrobiculaires de ses tubercules principaux sont tout 
difierents. Dor. Thotomagensis Cotteau a egalement uu test plus 
deprime, I’espace interzouaire de ses ambidacres compte un plus 
grand nombre de rangees de granules, les zones miliaires de ses 
interambulacres sont plus etendues et ses plaques coronales sont 
beaucoup plus basses. 

En somme Dor. uamadica presente les plus etroites afiinites avec 
lo Dor. Jullieni de BAjitieu d’Algeria et ces deux formes parais- 
sent deriver du C. preiiosa. 

Collection du Geological Survey of India. Bagb Beds: 4 frag¬ 
ments de test Nos. 4/298, 4/299 et 4/300. Bower NerbudJa: 
2 fragments No. 

Salenia Keatingei E. Fourtau. 

(PI. 1, fig. 3.) 

Syn. : 1887 Salenia Fraasi Duncan non Cotteau {Recordst 

G. S. T., p. 90). 


Dtam&tre. 
14 mill. 


Dimensions. 


Hnateur, 
8 mill. 
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Test de petite taille, circuloire. Face superieure mediocremeut 
renflee et legerement subconique. lace inferieure u peu pres 
plane, arrondie sur les bords. 

Appareil apical arroiidi, legerement bombe. Ires large—son dia- 
mMre egale les 7/10 du diametre du test. Les sutures des plaques 
sont marquees d’incisions assez nombreuses et profondes. Plaques 
genitales plus longues que larges, portant au milieu un pore genital 
bien ouvert au centre d’un leger renflement d’ou partent des sillons 
rayonnants allaiit en s’elargissant et en s’approfondissant a mesure 
qu’ils ajjprocbent de la suture; la genitale 2 porte le madreporite 
dans une fissure etroite partant du pore genital et se dirigeant vers la 
suture de la genitale 3. Plaques ocellaires subtriangulaires, a bord 
ext erne sinueiix et comme trilobe, portant des sillons moins 
nombreux et moins apparents que ceux des genitales et partant 
du lobe median du bord exteriie, lobe sous lequel est plac6 
le pore ocellaire. Plaque suranale plus large que liaute, portant 
la memo ornementation ([ue les genitales et forteinent echancree par 
le periprocte qui en atteint presque le centre. Periprocte plutot 
subcirculaire que subtriangulaire, un peu plus large que liaut, a 
bords legerement releves au dessiis de I’appareil. 

Ambulacres etroits,—leur largeur est ix celle des interambulacres 
dans le rappcn-t de 1:3. Zones poriferes legerement onduleuses, 
forinees de paires a peu horizonlales de petits j^ores ronds 

separes par un renflement graiiiiliforme. Ces jiaires sont directe- 
mcnt superposees saiif jxres du peristome ou elles sembleiit se 
multiplier sur les trois premieres jdaques adorales. Espace inter- 
zona ire garni de deux rangees marginules de granules maraelones, 
allonges dans le sens de la liauteur, au iiombre de 16-17 par serie. 
La taille de ces granules est seiisiblement la meme tout le long des 
zones poriferes sauf pres do Papex et du peristome ou elle diminue 
un peu. Entre ces granules, on distingue, a 1’ambitus, quelques 
petites verrues microscopiques zigzagant entre les deux rangees. 

Interambulacres assez larges, portant deux rangees de 5-C tuber- 
cules principaux creneles, imperfores, a mamelon eleve. Les 
cercles scrofbiculaires ne sont complets que du cote de la suture 
mediane comme dans tons les Salenia appurtenant a la section des 
quadrafae Arnaud. Zone miliaire mediane pratiquement nolle; a 
I’ambitus, il y a simplement quelques verrues microscopiques eparses 
sans ordre entre les deux cercles scrobiculaires. 
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Peristome a fleur de test, subcirculaire, de dimensions moyennes 
—sou diametre depasse un pen la moitie du diametre du test dans 
le plus petit specimen (5 mill. 75) et n’atteint pas tout a fait cette 
moitie dans le plus grand (6 mill. 25)—a scissures branchiales tres 
faiblement marquees. 

Rapports et Differences. —Duncan a rapporte les trois specimens 
que j’ai sous les yeux et qui out ete recueillis par le capitaine 
Keatinge, au S. Fraasi Cotteau. J’ai deja montre’^ combien la 
diagnose exacte mais un peu vague de I’illustre echinologiste 
fran(;-ais avait cause de confusions de la part'de de Loriol, de 
Gauthier et de moi-meme; Duncan n’a pas dte' plus heureux que 
nous. L’annee dernicre, grace a I’obligeance du R. P. Zumoffen, 
j’ai pu etudier tons les S. Fraasi recueillis dans le Liban sauf celui 
decrit par de J^oriol et qui provenait du Gebel Sannin—ce specimen 
lecueilli dans des couches jurassiques n’a pu eti-e retrouve, mais 
ce n’est certainement pas un S. Fraasi —et j’ai pu constater que le 
S. Fraasi se distingue entre tous les Saletiia connus par la propor¬ 
tion tres elevee du rapport de la largeur de scs anibulacres a celle 
de ses interambiilacres. Or, cette ])roportion qui est, en eflet, de 
1:4“25 chez les veritables aS. Fraasi de I’Aptien du Liban, n’est 
que de 1:3 chez les Salenia des Bagh Beds; en outre, raj)pareil 
apical de ces derniers est aiitrement sculpte et plus developi)e, la 
forme du pferiprocte est difterente et le peristome est relativement 
plus etroit. 

Si nous comparons maintenant les Salenia des Bagh Beds aux 
Salenia cretaciiques de la section des qimdratae qui s’en ra])prochent 
le plus, nous voyons que S. folium-querci Desor en est assez voisin. 
Mais chez ce dernier les ambulacres sont un peu plus larges—le 
rapport de leur largeur a celle des interambulacres est de 1:2‘50— 
et les granules de leur espace interzonaire sont moins nombreux 
par serie, I’appareil apical est encore plus developpe et marque de 
, sillons plus profonds qui en decoupent les plaques, le peristome est 
relativement plus etroit et le test est plus deprime. 

S. mamillata Cotteau est une forme tres rare dont le test est plus 
deprime, les tubercules plus saillants et les scissures branchiales du 
peristome bien plus marquees. 

S. prestensis Desor est au contraire plus eleve, ses ambulacres 
plus etroits ressemblent beaucoup a ceux du S. Fraasi^ les tubercules 

* R. Fnnrtau. fichinides Aptiens d’Jilgyple et de Syrie; Bull. Inst. ^Igyptien, 
be s^rie, tome vii, p. 44. 



41 


Part 1.] R. Fourtau : Les Echinides des “ Bayh Beds 

principaux de ses interambulacres sont de taille bien moindre et 
leur zone miliaire est beaucoup plus large, sou appareil apical est 
inoins developpe et son peristome est relativemeiit plus etroit. 

S. ycometrica Agassiz est egalement beaucoup plus eleve, la zone 
miliaire de ses ambulacres est plus large, ses tubercules principaux 
sont plus uombreux par serie et plus petits, enfin son appareil apical 
est moins developpe et porte une orneinentation beaucoup plus 
obsolete. 

En resume, les Salenia des Bagb Beds se rapprochent surtout du 
S. mamillaia dont ils semblent etre une mutation ou une race plus 
evoluee. Je les maintiens comme forme distincte eu les dediant ^ 
leur collecteur, parce que le S. mamillata est troji 2’®^ connu et que 
les di:Kerences que j'ai signalees, si elles etaient, par la suite, recon- 
nues constantes, sont de nature a maintenir cette separation. 

Collection du Geological Survey of India, Bagb beds: 2 exem- 
jilaires No. 4/3.—^Lower Ncrbudda No. K, 1. 

Cyphosoma Namadicum 11. Four!an. 

(PI. 1, fig. 4.) 

Syn. : 1887 Cyphosoma cenomnnense Duncan non Colieau, 
{RecordSi G. S. p. 89). 

Dimensions. 


Diamctro. 
24 mill. 


Hauteiir. 
11-60 uiill. 
10*50 ,, 


Test circulaire, parfois subpentagonal. Face superieure inedio- 
i-rement elevee et legerement deprimee a Papex. Face inferieuie 
deprimee an centre, arrondie sur les bords. 

Appareil aj^ical caduc, I’empreinte qu’il a laisse est de dimen¬ 
sions mediocres. 

Ambulacres a zones poriferes legerement ondulcuses a I’ambitus; 
les paires de pores sont legerement bigemin^es an voisinage de Papex 
et semblent se multiplier pres du peristome. Tubercules ambu- 
lacraires creneles, imperfor^s, assez d^veloppes a Pambitus, 
diminuant de grosseur et alternant dans cheque serie aux approclies 
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de I’apex. Cercles scrobiculakes rudimentaires presque invisibles- 
par suite de I’etat des specimens; ils etaient certainement incom- 
plets dll cote de la zone porifere et tendaient a se confondre vers la 
suture mediaue. 

Interambulacres assez larges. Tubercules principaux sem- 
blables aux tubercules ambulacraires, un peu plus gros seulement et 
dimiuuant moiiis rapidement de grosseur aux approcbes de- 
I’ambitus. Tubercules secondaiVes petits mais tres distincts, 
formant deux rangees exterues situees le long des zones poriferes et 
remontant assez haut a la face superieure sans toutefois atteindre 
I’apex, et, le long de la suture mediane, deux rangees internes dont 
les tubercules, bien developpes a la face inferieure, s’atteiiuent 
assez brusquement a Tambitus et se perdent dans la granulation 
luiliaire de la face superieure. Zone miliaire mediane denudee et 
tres legerement deprimee aux approclies de I’apex, garnie a 
I’ambitus de granules assez espaces qui tendeut ii se confondre avec 
les granules des cercles scrobiculaires, et ii granulation tres dense a 
la face inferieure. Suture mediane deprimee. 

Peristome relativement assez petit, subcirculaire, a scissures 
brancliiales peu profondes, situe dans une depression tres sensible 
de la fa(!e inferieure. 

Rayports et Differences. —Duncan tout en reconnaissant que les 
nombreux Cyphosoma des Bagb Beds n’etaient pas absolument con- 
formes an type du C. cenojnanense de Cotteau, les a reuni cependant 
a cettc forme assez rare du Cretace moyen de la Sartlie jiarce que, 
disait-il, les differences qu’il avait pu constater n’etaient pas 
importantes et qu’il convenait de les uegliger. Pour cc savant 
ecliinologiste, deux seals caracteres suffisaient a justifier I’assimila- 
tion qu’il proposait. Eii elfet, Duncan a dit textuellement: “ Tlie 
numerous vertical rows of primary tubercles at and below the 
ambitus, six in each interradium, and the bare median space 
abactinally, with slight sutural markings, readily distinguish the 
species.” Or Cotteau n’a jamais indique que quatre rangees de 
tubercules dans les interambulacres de son C. cenomanense^ et la 
figure 10 de la planche 1137 do la Paleontologie Fran^aise n’en 
inontre pas davantage. Ii s’eii suit done que nous ne pouvons 
accepter 1’assimilation projmsee par Duncan. 


* Cotteau et Triger : Ectdmdeii cle la Sarthe, p. 150, pi. XX'VI, fig. 16; et 
Cotteau : Pcdeontologie Franqaist, terrains cretaces, tome VII, p. 5M, pi. 1137,. 
fig. 6-13. 
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En outre, les oursins des Bagh Beds se distinguent du C. ceno- 
manense par la plus grande hauteur proportionnelle de leui.- lest: 
()‘4G au lieu de ()’38, par les paSres de pores de leurs ambulacres 
moins fortement bigeminees aux ap 2 )roches de Tapex, par leurs 
granules miliaires plus denses a 1’ambitus et a la face inferieure et 
qui, sur aucun des exemplaires que j’ai sous les yeux, ne prennent la 
forme ellixjtique et I’aspect ruyoune signales par Cotteau sur la 
I)liipart des C. ceiiomanense^ par leur peristome plus petit et situe- 
dans line depression bien marquee de la face inferieure. 

Par les rangees internes de tubercules secondaires de ses inter- 
ambulacres, la forme indieune ap 2 )artient a la section pour la quelle 
Pomel a jjrojiose le nom de Fliocgphosoma. II convient done de la 
comparer aux formes ai)i>artenant a cette section. 

C. Pevoni Cotteau a une zone miliaire j)lus de 2 >riraee au sommet, 
ses tubercules secondaires sont plus nombreux et j)lus developpes 
dans cliaque seric—il ijourrait mcjne y avoir quatre series externes 
—I’empreinte laissee 2 )ar son niqiareil apical est 2 )lus ctendue et son 
perivstome est a tlcur de test. 

C, Bargesi Cotteau a les paires de pores de ses ambplacres jdus 
fortement et plus longuement bigeminees a la face su 2 )erieure, les 
tubercules secondaires dans les rangees internes sont plus develo])pe9 
au dessus de Fambitus qu’en dessous, ses tubercules princii)aux et 
secondaires sont j)lus nombreux dans cliaque serie verticule; la 
granulation miliaire est Jilus dense; son jieristome est moins 
enfonce. 

C. micTotuhcrciilatum Cotteau a ^alement les paires de pores 
de ses ambulacres 2 >Bis fortement bigeminees a la face superieure; 
il a quatre scries externes de tubercules secondaires plus developpes 
et remontant plus jires do I’apcx; son peristome est a flour de test. 

C. Arnaudi Cotteau est beaucou^) jdus baut, ses tubercules ]»rinci- 
paux et secondaires sont jilus atrophies a la face superieure, sa zone 
miliaire mediane est beaucoup plus denudec de 1’ambitus a I’ajiex. 

C. Desmoulinsi Cotteau a, par centre, une zone miliaire 
mediane sans aucune denudation aiipreciable a la face suiierieure 
et les rangees de ses tubercules secondaires -remontent 2 >i’esque 
jusqu^a Fapex aussi bien les internes que les externes. 

C. Verneuili Cotteau a six rangees de tubercules secondaires 
tres petits. 
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C. lihanoticum Fourtau a egaleraent six rangees de tubercules 
secoiidaires et sa granulation miliaire est beaucoup nioins dense a 
rambitus et a la face inf^rieure. 

Ell somme c’est encore du C. Peroni que se rapprocbe le plus la 
forme des Bagb Beds que je propose de nommer C. namadicum. 

Collection du Geological Surrey of India.—Bagb Beds No. 4/302. 

Orthopsis Indica.^ 

Syn.: 1877 Orthopsis indicus Duncan, {Records, G. S. 1., 
p. 88, pi. sans No., fig. 4—8). 

Je n’ai rien a ajoiiter a la diagnose de Duncan. Ce savant s’est 
borne a comparer son nouveau type a VO. similis Stoliczka de 
I’Aryaloor Group du Sud de I’Inde et a neglige de le comparer a 
VO. Repellini Desor dont cependant il est tres procbe et dont il ne 
se distingue en realite que par la disposition oblique des pores dans 
chnque paire et par sa granulation miliaire beaucoup moins dense. 

Collection du Geological Survey of India.—Bagb Beds No. 
4/301. 

Echinobrissus Haydeni R. Fourtau. 

(PI. 2, fig. 1.) 

Syn.: 1887 Echmobrissiis Goybeti Duncan non Cotteau (Records, 
G. S. p. 90). 

1887? Nucleolites similis Duncan non d’Orbigny (Records, 
G. S. /., p. 91). 

Dimensions : Longueur 19 mill., largeur 17 mill., bauteur 9 mill. 

Test subquadrangulaire, arrondi et legerement retreci en avant, 
a cotes j>resque paralleles, carrement tronque avec une legere sinuo- 
site mediane en arriere. Face superieure arrondie et legbrement 
declive en avant, le sommet etant en arriere de Pappareil apical au 
premier tiers de Tinterambulacre impair, abrupte en arriere. Face 
inferieure pulvinbe sur les bords, dbprimee longitudinalement au 
centre. 

Appareil apical excentrique en avant aux 40/100 de la longueur. 


’ La terminaison opsit indique le feminin et non le masculin. 
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Ambulacres laiiceoles, tres etroits et tres courts, ceux du bivium 
un peu plus longs que ceux du trivium. Zones poriferes a paires 
de 2 )ores inegaux, I’interne roud et I’externe lineaire, nettement 
conjuges sur Pexemj)laire le niieux conserve. Ces caracteres 
s’effacent a la moindre usure du test et les jjores paraissent alors 
roiids et sei^ares. Espace interzonal re legerement costule, egalant 
a peine en Jargour le tiers d’une zone porifere. 

Ptu’iprocle dans un sillon large, a bords carenes, acuniine en 
baut, remontant jusqu’au i^remier tiers de la distance qui separe 
I’apjiareil apical du bord jwsterieur et entamant legerement mais 
visiblement ce dernier. 

Peristome exrentrique en avant, assez mal conserve sur un 
exemplaire, cache jiar une gangue ties dure sur Tautre; il devait 
etre assez ouvert, pentagonal. Le floscelle est invisible. It n’y a 
pas de bande lisse sternale entre le 2 )eristoine et le bord posterieur. 

Tiiberculcs ju-incipaux jiciits, ties nombreux et nettement scrobi- 
cules a la face superieure, un peu jilus gros et plus ecartes ii la face 
infericure, prineipalement autour du peristome. 

Ra'pforU et DiffereMces. —Duncan avait rapporte les deux plus 
grands specimens a VE. Goyheti Cotteau. J’ai pu examiner, grace 
au It. P. ZumofFon de I’Universite St. Josej)!! de Beyrouth, un 
grand nombre ddE. Goyheii. Cette forme est toujours de taille 
bien moindre, son appareil ajiical est subcentral et coincide avec le 
soinmet de la face sujierieure, sa rosette ambulacraire est 2 )lus 
developpee, le sillon anal a sommet arrondi ne remonte qu’a la 
moitie de la distance de I’apex au bord posterieur et n’entame pas 
ce dernier. 

E. eddissensis Gauthier serait plus voisin de la forme indienne; 
il est cependant proportionnellement plus baut et plus large, le 
point culminant de la face superieure coincide avec I’apex qui est 
un peu moins excentrique en avant; le sillon p^riproctal se termine 
a une distance plus grande de l’ap 2 )areil apical et le bord postm-ieur 
n’est pas entame par ce sillon; en outre les ambulacres sont tous 
beaucoup plus longs. 

E. suhquadratus d’Orbigny, auquel Duncan- avait primitive- 
ment, mais par erreur a-t-il dit, rattache les deux grands specimens 
des Bagh Beds, eat plus etroit, le profil de sa face superieure est plus 
surbaisse, son bord posterieur est plutot rostre que tronque, ses 
amb\ilacres sont plus allonges, son sillon periproctal est beaucoup 
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moins allonge et beancoiip plus eloigne de Tapparoil apical. Beau- 
coup d’auteurs, d’ailleurs, considereni E. suhquadratus comme 
appartenant au genre Clyyeopygus d’Orbigny. 

J’ai reuni aux deux grands specimens attribues par Duncan a 
r E. Goyheti, deux petits Echinobrissus d^formes par compression 
et dont le test est assez corrode qxi’il avait assimiles au Nticleolites 
similLs d’Orbigny. Sans nul doute, dans les ambulacres du mieux 
conserve, on aper^oit des pores ronds et non conjugues, mais le fait 
se reproduit sur un des grands exeraplaires qu’il a attribues a 
VE. Goyheti et il semble que le test est aussi use sur le grand 
specimen que sur le i>etiil. Or, Oautbier a depuis longtcmps 
sign ale la confusion que pouvait occasionner une usure meme legere 
du test lorsqu’il s’agit de distinguer Nticleolites ddEchinobrissus et 
j’ai eu maintes fois ^occasion de verifier la justesse de ses assertions. 
En fait, le seul coractere bien observable sur le mieux conserve de 
ces petits specimens est le sillon periproctal dont la forme et les 
dimensions concordent avec celles que je viens de signaler sur les 
deux grands specimens attribues par Duncan a VE. Goybeti\ aussi 
je n’besite point a reunir en une m§me forme que je me fais un 
veritable plaisir de dedier au directeur actuel du Geological Survey 
de rinde, les quatre Echinobrissus recueillis a ce jour dans les Bagh 
Beds. Et cela d’autant plus que, si les petits specimens ont une 
vegue ressemblance avec le type figure par d’Orbigny^, ils ne ressem- 
f)lent point du tout au plesiotype figure par Cotteau®. 

Collection du Geological Survey of India—Bagb Beds Nos. 4/303 
et 4/304; 4 exemplaires. 

Hemiaster Oldhami B. Foxirtau. 

(PI. 2, fig. 2, 3.) 

Syn.: 1887 Hemiaster cenomanensis Duncan non Cotteau {Rec., 

G. S. p. 91). 

Dimensions. 


Longueur. 

Largeur. 

Hauteur. 

33’o 

mill. 

32 

mill. 

22 

mill. 

33 

If 

31-5 

ff 

21 

ff 

32 


32 


22 

ff 

31 

>1 

30 

If 

22 

f f 

29 

ff 

39 

ff 

19 

»i 

37^ 

99 

25 

ff 

19 

ff 

ly-l 

f » 

18 

ff 

14 

f f 


* d’Orbigny : Paleontologie Fran 9 aise, lerr. cret., tome "VI, pi. 958, fig. 1-4. 
Cotteau et Triger : tjcninides de la SarthCj pi. XX’XII, fig. 10-13. 
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Test subpolygonal, presque aussi large que long et, parfois, aiissi 
large que long; legerement rctreci et assez fortement sinueux on 
avaut, retreci et tronque carrement en arriere, ayant sa plus grande 
largeur aux deux cinquiemes anterieurs. Face superieure haute, 
declive d’arriere en avant, assez fortement carenee sur I’interambul- 
acre impair. Face inferieure haute, parfois legerement oblique, par- 
tois verticale. Face inferieiire tres legerement convexe, un peu 
plus bombee sous le plastron. 

Appareil apical siibcentral, enfonce dans un meplat que sur- 
montent I’extremite des carenes interambulacraires, ethmophracte, 
montrant 4 pores genitaux en rectangle plus large que haut, et 5 
ocellaires; I’ocellaire III penetrant entre les genitales 2 et 3; les 
a litres ocellaires sont aux angles exterieurs des genitales. Le 
madreporite est confine sur la genitale 2 et ne separe pas les genitales 
])()sterieures. 

Ambulacre III dans un sillon assez large et peu profond, enta- 
rnant cependant assez fortement Pambitus et se continuant bien 
marque a la face inferieure jusqu’au peristome. Zon^s poriferes 
coinposees de petites paires assez espacees et obliques de pores ronds 
separes par un assez fort renflement granuliforme. Le fond du sillon 
est garni d’une granulation assez grossiere, serree, eparse sans ordre, 
parmi laquelle on apergoit ga et la de petits tubercules nettement 
scrobicules. Ces tubercules forment en outre deux rangees assez 
legulieres le long des zones poriferes et augmentent de volume au 
fur et a mesure qu’ils approchent de I’ambitus. 

Ambulacres pairs assez divergents, loges dans des sillons creuses 
et assez etroits, inegaux,—I et V sont d’un tiers moins longs que 
II et IV. Zones poriferes formees de paires de pores lineaires, 
legerement inegaux, et conjugues par un sillon obsolete; chaque 
paire est separee de sa voisine par uhe bande de lest relativement 
large et granulee. Espace interzonaire un j»eu moins large qu’une 
zone jiorifere et ornee de ti'es petits granules qui s’effacent a la 
moindre usure du test. 

Peristome reniforme, trfes faiblement lahie, situe a peu pres au 
quart anterieur de I’oursin mais plutot en dega qu’au dela. 

Periprocte grand, ovale, longitudinal, legerement a cumin e aux 
deux extremites, situe au sommet de la face posterieure ei surmon- 
tant une area subtriangulaire, vaguement deprimee et circonscrite 
.par des nodosites peu accentuees. 
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Fasciole peripetale bien visible, en ecbarpe, passant a Textre- 
mite des ambulacres pairs el francliissant le sillon de Tainbulacre- 
impair immediatcment au dessus de I’ambitus, assez etroit en avant 
et eii arriere, s’elargissant sur les flancs. 

Tubercules sorobicnles, nombreux, assez groa et dissemines sans 
ordre a la face superieure, iin pen plus gros et serr^s a I’ambitus et 
plus gros encore et espaces a la face inferieure, principalement aux 
ubords du peristome. Granulation miliaire dense, donnant iin 
aspect cliagrine aux parties bien conservees du test. 

Rapports et Differences. —Duncan a attribue ces Hemiaster a 
l*H. cenomanensis Cotteau tout en reconnaissunt que les ambul¬ 
acres postericurs pairs des specimens indiens etaient plus longs et 
plus etroits que ceux du type. Mais, dit-il, si l*on compte les 
paires de pores indiquees sur la figure de Cotteau, on constate qu’il 
existe le mcme nombre de paires dans les zones poriferes des ambul¬ 
acres posterieurs du type et dans celles des specimens de I’lnde; la 
longueur est done inditferente; reste I’etroitesse, et cela, dit Duncan, 
pent donner lieu a la creation d’une variete. 

J’ai, a mon tour, soigneusement compte les paires de pores sur 
la figure donnee par Cotteau et sur le meilleur des specimens 
indiens. J'ai trouve pour le type de la Sarthe 24 paires de jmros 
pour rambulacre I, et 48 paires pour I’ambulacre II; cependant 
que le specimen indien me donnait 31 paires pour Tambulacre I, 
et 42 paires j)our Fambulacre II, et cola bien que le type de Cotteau 
soit a peu pres de mcme taillo que le specimen indien—il est meme 
un peu plus grand. JjH. cenomanensis est en outre bcaucoup plus 
cordiforme—Cotteau dit presque carre—^il est plus large en avant 
et moins retreci en arriere, sa face superieure est nioins elevee, sa 
face inferieure est plus plate, sfes tubercules sont plus rares, son 
fasciole peripetale est partout d^egale largeur. 

Nous sommes d’ailleurs ires peu fixes sur ce que pout bien etre, 
en realite, le veritable H. cenomanensis dont quelques exemplaires 
fort rares ont ete recueillis au Mans et a Yvre PEveque (Sartbe). 
Plus tard, sans doute, on a reuni a ce type de nombreux exemplaires 
recueillis soit a Briolley (Maine et Loire), soit dans les Cbarentes, 
a Fouras et a Piedemont (Cbar. Inferieure) principalement. 

Or, fomme me le fait remarquer dans une de ses letties mon 
excellent confrere M. J. Lambert, cette incertitude a augmentee 
depuis que V. Gauthier a separe du type les Hemiaster de Briolley 
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<jui sent devemis H. Chrossouvrei Gauthier,^ Ces oursius sont en 
general plus etroita et plus hauts que VH. cenomanensis, leurs 
sillons ambulacrairea sont plus 4troits et leurs interambulaeres por¬ 
tent des nodosites; mais, assure M. Lambert, ces dilleieiices ne 
sont pas constantes. Quelques annees auparavant, Cotteaii lui- 
nicme hesitait a reunir a son H. cenomanensis les oursius des 
Cluirentes ainai nomines par Arnaud® et il declarait qu’ils en 
differaient par leur forme plus epaisse et plus carree, ct par leurs 
ambulacres posterieurs plus longs, inoins larges et moius arrondis, 
et que I’oii jiouvait se demander si eos oursius reunis a eeux de 
Briolley ne constituaient pas uue espoce a part. Aussi^suis-je de 
I’avis do M. Lambert que, seul, Texamen des types et de series 
assez iiombreuses pourrait permettre d’eclaircir cette question. 

En tout etat de cause, la forme indienne se distingue de 
VH. Geossouvrei par son test plus massif, polygonal; par ses ambul¬ 
acres plus devclopjies, et par son apex subcentral. Ell^ pent etre 
difFerenciee do la forme charentaise par son test plus elevc, poly¬ 
gonal, et i^robablement aussi ])ar ses ambulacres plus developpes. 

En revanche, les specimens, iiidiens se rapproclient beaucoup de 
VH. Lvijnesi Cotteau du Ceiiomanien de la Palestine. Celiii-ci a 
cepeudant sa face supericure plus horizontal e, sans carene a 
Pinterambulacre impair, tous ses ambulacres sont plus larges, })lu8 
developpes et plus petaloides. II semble bien que cette forme suit 
une mutation de la forme indienne. 

H. Meslei Peron et Gauthier du Qenonianien d’Algerie est beau- 
coup plus efroit et plus deprime. 

H. 2 ^''^^^>'dofourneli Peron et Gauthier, si commiin dans tout le 
Cenomanien du Word de I’Afrique, est en general plus arrondi, le 
sillon de son ambulacre III entarae beaucoup raoins I’ambitus, sa 
vestiture est tout autre. * 

Collection du Geological Survey of India—Bagh Beds, No. 
4/306: sept exemplaires.—Nerbudda Valley, No. deux exem- 

plaires. 


* Gauthier dans de Grossouvre; Snr le feTrain cr^tnee dan*i le Siid-Ouest du BaBsin 
'de Paris, B-M Soc. Gi.ol. France (3), tome XVII, p. 526, 1889. 

“ Cotteau.—Pchinidea du Siid-Ouest de la France, inn. Soc. Sc. Nnturelles, 
p. 167, La Rochelle, 1883. 

E 
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Ofisasteb SuBsiMiLis R. Fourtau. 

(PI. 2, fig; 6.) 

Syn.: 1887 Hemiaster similis (pars) Duncan non d’Orbigny, neo 
Cotteau, nec Oldliani {Rec., G. S, p. 92). 

Dimensions, 

Longaeor. Largeai. Hauteur. 

23’6 mill. 22-4 mill. 16*6 mill. 

^20-3 „ 19*6 15 

21 20 „ 14 „ 

Test subcordiformc, un peu retreci et legerement sinueux en 
avant, un peu plus retreci et plutdt arrondi que tronque en arriere, 
ayant sa plus grande largpur a peu pres a la moitie de la longueiii-. 
Face superieure assez elev4e, declive d*arrifere en avant; face 
posterieure obtusement tronqu 6 e; face inferieure uniformement 
convexe, legferement deprimee autour du peristome. 

Appareil apical subcentral ou legerement excentrique en arriere, 
etbmophracte, presentant 4 pores genitaux bien ouverts on carre. 

Ambulacre III dans un sillon large et peu profond, allant en 
s’elargissant vers Tambitus ou il ne produit qu’une faible sinuosite 
qui est cependant sensible, se continuant presque a fleur de test a la 
face inferieure jusqu’au peristome. Zones poriferes composees de 
petites paires assez espacees de pores disposes legerement en chev¬ 
rons et se 2 )are,s par un renflemcnt grauuliforme qui s’efiaco a la 
moindre usure du test. Le fond est convert de tres petits granules. 

Ambulacres II et IV dans des sillons tres 2 >cn creuses, tlexiieux, 
a zones poriferes inegales; Pespace interzonaire est un peu ])liis 
large que la zone posterieure. 

Ambulacres I et Y de moitie moins longs que II et lY, presque 
aussi divcrgents mais droits. 

Peristome un ] 3 ou en avant du quart auterieur. 

P^riprocte assez grand, ovale, acumine aux deux extremites, 
presque au sommet de la face posterieure. 

Fasciole peu visible par suite de Petat des specimens; il devait 
etre assez etroit, en ecbarpe. 

Tubercules petits et tres clairsemes a la face superieure, un peu 
plus gros et un peu plus serres ^ Pambitus. 
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Rapports et DijfSrences. —Duncan a rapporte a VH. similis 
d’Orbigny les exenxplaires indiens tout en constatant que certains 
d’entre eux pourraient constituer une espece separee mais fort 
^oisine. Parmi les cinq exemplaires que m’a communiques le 
Geological Survey of India, trois se separent nettement du type de 
d’Orbigny et de Cotteau, doiit M. Oldham a reproduit une figure 
dans son traite de Geologic de I’lnde.’ Bn effet, le sillon de leur 
ambulacre impair entame legerement mais nettement I’ambitus; 
les pores des zones poriferes sont disposes en chevron et non pas par 
paires obliques; la relation de la longueur de leurs ambulacres 
post(hieurs a celle des anterieurs pairs est de 1: 2 au lieu d’etre 
1:3; ils sont proportionnellement et constamment plus deprimes 
que les types de d’Orbigny ©t de Cotteau: 0*75 au lieu de 0*80; 
leur face inferieure est plus uniformement convexe, leur face 
posterieure est plutot arrondie que tronquee et il n’y a pas d’area 
deprimee sous le periprocte; enfin, la tuberculation est bien moins 
dense et non seriee h la face superieure et c’est sur ce point qu’a 
insiste d’Orbigny. 

Par leurs ambulacres anterieurs pairs, flexueux et a zones pori¬ 
feres inegales, ces oursins me paraissent se rattacher plutot au 
genre Opisaster I*omel. L’O. Morgani Cotteau et Gauthier du 
Senonien de Perse parait en etre le descendant et s’en distingue 
surtout par I’exageration des caracteres que j’ai signales'dans ma 
diagnose ainsi que par sa faille plus deprimee. 

Collection du Geological Survey of India.—Bagh Beds, No. 4/307 
(pars): trois exemplaires. 

Opisaster sp. ind. 

(PI. 2, fig. 4.) 

Syn.: 1887 Hemiaster similis (pars) Duncan non d’Orbigny nec 
Cotteau, nec Oldham (i2ec., G. S. /., p. 92). 

Les deux autres exemplaires que m’a communiques le Geological 
Survey of India, sous le nom d’H. similis, sont deux oursins globu- 
leux un peu uses qui se distinguent des premiers par leur moindre 
largeur, leur pourtour ovale allonge, presque acumine en arriere, 
leur sillon impair n’entamant pas 1© bord, leur ambulacre III a 
zones poriferes trbs courtes et dont les paires de pores sont oldiqnes, 

* R. D. 01dhaDi."-il/ant{ff2 of the Geology of India. Cretaceous fossils. Cal¬ 
cutta, 1893. 
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leurs anibulaores pairs plus a fleur de test et dont les anterieurs sont 
moins divergents et plus liexueux et doH^t I’apex est beaucoup plus 
«xcentrique en arrifere. 

Ces specimeus sont fort voisins d’urie forme reoueillie par Lartet 
h TEst du Jourdain et qui est connue par un seul exemplaire use 
et dont la position stratigraphique exacte n’a pu etre determinee, 
VI/. Vignesi Cottoau, qui parait etre un Pliotoxaster ou uu 
Opisaster, mais qui est beaucoup plus basse, dont l^apex est encore 
plus excentrique en arriere et dont les ambulacres sont plus 
developpes. La forme indiennie pourrait en etre egalement la 
forme auccstrale. 

Collection du Geological Survey of India.—Bagb Beds, No. 
4/307 (pars): 2 exemplaires. 

CONCLUSIONS. 


Lc tableau suivant resume les conclusions paleontologiques que 
je crois pouvoir tirer de I’etude des ecliinides des “ Bagh Beds 
qui m’ont ete communiques par lc Geological Survey of India. 


Formes indiennes. 

Formes les pins voisines et niveau stra* 
tigraphiqne do ces formes. 

Dorocidaris namadica Dancaa 

Dor. Jullieni Gaathier, Aptien d’Al- 
gdrle. 

Salenia Keatingei Foartan 

8. mamillata Cotteau, Aptien do 
France. 

CgpJiosoma namadicum Foartan 

1 

(7. Peroni Cottean, Barrrdmion de 
France et de Suisse. 

Orthopsig indica Ouacan 

0. JRepellini Deaor, Berremien etAp* 
tien de France, Suisse, Fortngel. 

JEchinohrissiig Haydeni Foartan 

JE. eddisgensis Gauthier, Aptien et Al¬ 
fa ien d*Alg4rie et Tnnisie. 

Hemiagter Oldhami Foartan « 

B. Dugnegi Cotteau, Cdnomaniea de 
Palestine. 

Opisaster suhsimilis Foartan . 

0. Mordant Cottean et Gauthier, du 
Sdnonien de Perse. 

Opisaster sp. ind . 

0. Vignesi Cottean, Crdtacique de la 


Palestine. 
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La majority de ces ^chiiudes a d’iucoutestables aiiinites avec des 
formes eocretaciques et les autres sembient plutot etre les ancetres 
de formes raesocrelaciques. Je crois done pouvoir affirmer suns 
trop de temerite. que la faune echinitique des “ Bagli Beds ” classe 
ces formations au sommet de Teocretacique dans FAlbien (“Gault” 
des auteurs anglais), etant donne que o’est a cetto epoque geologique 
qu’ont apparu les premiers Hemiaster. 

Cette conclusion me paraii confirmee par la jftesence dans ces 
couches du Vlacenltceras Alintoi Yredenburg^, forme voisine des 
]*. Uhligi Choffat et P. saadense Peion et Thomas, que Ton trouve 
dans Ic Bellasien du Portugal et le Vraconnien d’Algcrie et de 
Tunivsie. Or, Ic Bellasien comme le Vraconnien representent 
plutot les partie.s moyenne et superioure de I’Albien que le Cenoma- 
nien inferieur. 

Jj’etude des autres fossiles de “ Bagh Beds ”: mollusques, 
brachiopodes oL coraux, serait iutcu-essunte a entreprendre pour la 
confirmation de ces conclusions stratigraphiques. 


EXPLICATION DES PLANCHES. 

Plakchb 1. 

1. Doroetdaris namadica Duncan, fragment de test (grand, naturelle). 

2. Dorocidaris namadica Duncan, portion d’ambulacro grossie; 2a, plaques coronales 

grossies. 

Z.^Salenia Keatingei R. Fourtau, face supdrieuro 3a, fare infdrieure; 36, profil (gr. 

nat.); 3c, apex gross!; M, ambulance gross!; 3e, interainbulacre gross!. 

4. Cyphosoma namadicum, B. Fourtau, face superieurc; 4a, face inferieure; 46, 
profil (gr. nat.); 4c, interainbulacre gross!; 4d, ambuiacre gross!. 

Planohe 2. 

1. Echinobrissua Haydtni B. Fourtau, face sup^rieure; la, face inferieure; Ic, face 

posterieuro; Id, profil (gr. nat.). 

2. Hemiaaier Oldhami B. Fourtau, profil; 2a, face posterieure; 26, face superieure; 

2c, face inferieure (gr. nat.). 

3. Hamiaater Oldhami E. Fourtau, face superieure; Sn, profil (grand, natur.); 36, 

rosette ambulacraire grossie. 

4. Opiaaster sp. ind., face superieure; 4a, profil (gr. nat.). 

5. Opiaaster aubsimilia B. Fourtau, face superieure; 5a, profil (gr. nat); 66, face 

inferieure (gr. nat.); 5c, ambuiacre IV grossi; 5d, ambuiacre III grossi. 

* Vredenburg.—The Ammonites of the Bagh Beds. Records, G, S. I., XXXVI, 
part 3, pis. 14 et 15. 
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annual returns are available-^is gradually increasing, and it' is 
jM>ped that before long thi^ inin^als of Class II—for which regularly 
recurring. and full particulars cannot be procured—^will be reduced 
to a vei^ small number. In the case of minerals still exploited 
chiedy under primitive native methods and thus forming the basis 
of an industry carried on by a large number of persons each working 
independently and on a very small scale, the collection of reliable 
statistics is impossible, but the total error from year to year is not 
improbably approximately constant and the figures obtained may 
be> accepted as a fairly reliable index to the general trend of the 
industry. In the case of gold, the small indigenous alluvial industry 
contributes such an insignificant portion to the total outturn that 
any error from this source may be regarded as negligible. 

From table I it will be seen that there has been an apparent 
increase of nearly £1^ million or 12i per cent, in the value of 
the total production over that of 1916. The value figures, how¬ 
ever, are largely artificial. In sorrle instances although the output 
has fallen in quantity, it has increased in value; such increase does 
not necessarily give a true indication of the state of an industry, 
since the prevailing high freights and increased cost of production 
have in certain cases resulted in the closing down of all but high- 
grade propositions. ^ ^ 

The number of mineral concessions granted during the year 


Mineral concession 3 
granted. 


amounted to 574 as against 532 in the preced¬ 
ing year ; 615 of these were prospecting licenses 
and 39 mining leases. As in the prece^ng year, 


most of the increase is due to prospecting activity in Lower Burma 


Table 1. —Total value of Minerals for which returns of Production 
are available for the years 1916 and 1917. 



1916. 


, 1917. Increase. Decrease. 


Coal . . 

■ 

£ 

3.878,564 

• 

£ 

4,511,646 

£ 

633,081 

£ 

+ 16-3 

Gold . 

• 

2,303,023 

2,221,889 

• • ■ 

81,134 

—3-6 

Ma>hganese-ore . 

• 

1,487,026 

1,601,080 

14,054 

• • ■ 

+:9 

Petroleum . 

0 

1,119,406 

1,092,964 

• • • 

26,441 

—2-4 

Salt . . . 

1 

f 

728,358 

983,157 

254,799 


+34-9 
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OpAitT 2* j Hatdew : MineraX Production^ 1917, 


Tab^b 1. —Toted value of Min&rode for which rdurne of Production 
\ are ava^ahle for the years 1919 and 1917 —contd.. 






Ihcrease. 


Varia- 

MizieraL 


1913. 

1917. 

Bcorefuse. 

tion per 





' 

» 

cent. 



£ 

£ 

£ 

£ 


Tuiig«ten<oie 

• 

407,397 

623,074 

125,677 

ess 

+26’3 

Saltpetre • •- 

Lead «nd Lead<ore 


607.488 

527,666 

• » • 

79,822 

—13-1 


428,383 

610,530 

82,166 


+ 191 

Mioafa) . 

Building materialB 


3U,680 

608,173 

196,493 


+ 68 

and 

209,334 

249,776 

40,442 

• ss 

+ 19*3 

road metal. 
Silver. 


88,687 

237.216 

148,529 

S • S 

+ 167-6 

Tin-ore and tin . 

s 

39,302 


27,231 

see 

-F69-3 

Jadestone(a) 


48,926 


18,576 

see 

• as 

Monazite 


37,714 

56,489 

18,776 

s s • 

+50 

Ruby, sapphire 

and 

37,513- 

51,831 

14,318 

ess 

+38-2 

■pinel. 






+5-2 

Iron-ore . 


37,981 

39,977 

1,996 

ess 

Copper-ore . 

« 

3,269 

30,162 

26,903 

s s s 

+ 825-6 

Chromite . . 


16,401 

26.216 

9,815 

*«» 

+59-8 

Magnesite . 

• 

14,065 

14,659 

494 

• s s 

+3-5 

Clay . 

• 

4,645 

9,019 

' 4,374 


+941 

Steatite . . 

• 

2,628 

6,470 

3.842 

ess 

+.146-2 

Corundum - 


2,783 

3,874 

1,091 

• S S 

+39-2 

Alum 


6,205 

3,707 

• • • 

2,498 

—40-3 

Diamond 


361 

1,826 

1,466 

• es 

+ 406-8 

Ochre . 


941 

1,630 

689 


+73-2 

Gypsum 

a 

746 

1,034 

289 

ess 

+38-8 

Amber 

• 

157 

684 

627 

ess 

+ 336-7 

Molybdenite . 

• 

202 

626 

424 

ass 

+ 209-9 

Bauxite 


463 

620 

167 


+ 33-9 

Graphite . . 

0 

1,601 

547 

• e 

954 

-—63-5 

Asbmtos 


« • • 

303 

303 

ess 

ass 

Agate 

m 

783 

266 

• — ' 

528 

—67-6 

Bismuth . , 


see 

163 

163 


ass 

Aatimony-ore 

• 

503 

139 

« ■ • 

364 

-72-4 

Platinum . . 

s 

46 

19 


27 

-68-7 

Total 

• 

11,916,^9 

13,351,364 

ip626^63 

_ _ _ - _ 

191p768 

_ j 

+ 124 



- 

■I 

+ 1.434,895 



Export values* 


b2 
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Chromite. 

Coal. 

Coj^per. 

Diamonds. 


ll.-~MiNERALS OP GROUP I. 

Gold. Lead. Monazite. ' Salt; 

Graphite. Magnesite. •‘'Petroleum. Saltpetre. 

Iron. Manganese. Platinum. Silvea'. 

Jadeite. Mica. - Ruby, Sapphire Tin. 

'and Spinel. Tungsten. 


CHromite. 

The remaxkable rate, of increase in the* production of chromite 
recorded in the preceding year was not maintained in 1917. There 
was, however, an increase of over 34 per cent, in the output. This 
was due almost ^tirely to operations in Baluchi^an, where the 
ou^tput was more than doubled. There was a slight increase in the 
Singhbhum production, and a decrease in Mysore. 


Table 2. —Quantity and Value of Chromite pi’oduced in India during 

1916 and 1917. 


V 

* 1916. 

1917. 

/ 

Quantity 

Value. 

1 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

Bftluohistan .... 
Bibar and Orissa . 

Mysore . . ^ , 

7,620 

2,737 

9,802 

7,020 

1 2,495 

6,286 

15,659 

3,266*4 

8,136 

15,669 

3,111 

7,446 

Total 

20,159 

16401 

27,061*4 

26iS16 


Coal. " 

There was an increase of nearly a million tons or 5^ per cent., and 
a proportionately greater increase in value —16*3 per * cent.—in 
the output of coal. The pit’s mouth -value increased largely every¬ 
where, exc^t in the case of Hyderabad. There was an increase of 
Rs. 9 per ton in pit’s mouth value in the North-West Frontier 
Province, but as the output is less than 100 tons, the figures for 
that province may be left out of consideration. In the fields of 
Bengal and Bihar and Orissa, the rates of increase were respectively 
Re. 0-6-4 and Re. 0-6-0 per ton. 
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FijtT 29.3 HATDBsiri Jiim4ral Production^ 1917. 

*!Fabi<s Z.-^Aif^erage price {per ton) of Coal extracted from ^ Mines 
in each province during the year 19P7. 


Province. 


m; 


Average price per ton. 


Bs. A. p» 


Afieain . . . 

Balaohietan . . . . 

Bengal. 

Bihar and Orissa . . 

Central India 
Central Provinces . 

Hyderabad . 

North-West Frontier Province 
Punjab . . . . . 

Bajputana . . . . 


7 0 7 
11 0 11 
3 10 1 
3 5 10 

3 6 2 

4 13 
6 0 0 

14 0 0 
7 3 8 
4 5 8 


Table 4. —Origin of Indian Coal raised during 1916 and 1917. 


— 


1916. 

1917. 

Gondwana Coalfields .... 

15,937,670 

16,863,466 

17,814,624 

Tertiary Coalfields ..... 

409,700 

390,843 

398,394 

Total 

• • • 

17,254,309 

18,212,91$ 


There was a fall of over 50 per cent, in the amount of coal 
exported, and a small rise in imports. The total amount of coal, 
coke and patent fuel imported however, was only 37,626 tons. The 
quantity exported was 408, ll 7 tons against nearly 882,000 tons in 
1916. : 

There was a general increale in the output of coal in most provin¬ 
ces, with the exception of ]|aluchistan, Bengal, Central India and 
Bajputana. The decrease in' Bengal amounted to nearly 361,000 
tons; Bihar and Orissa, on the other hand, shows an increase of over 
a million tons, the Central Provinces nearly 84,000 tons, and Hydera¬ 
bad over 65,000 tons. The decrease in the output of the Bikaner 
coalfield in Bajputana amounted to more than 60 per cent, as 
compared with the preceding year. 
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TiLBiif fi.>^Provincial Production of Coal ^ yectrs 3l$l$ md 

im. 


i^Tinoe. 

-■ 


RHIHHfl 

BH 

; Tner^e. 

Decrease. : 




Tons. 

Tons. 

Tons. 

Tons. 

Atasm * 

• 

s 

287.315 

301,480 

14,165 

sea 

Baluohfiitim . . 

a 

• 

42,163 

40,785 

ass ' 

1.378 

Bengal. . . 

• 


4,992,376 

4,631,571 

ass 


Bihar and Oriasa . 

• 

• 

10,767,683 

11,932.419 

1,164,736 

aea, ’ 

Burma. 

• 


200,285 

198.407 

ass 

1,873 

^Jentral'lndia 

■ 


" 287,832 

37};408 

83,666 

aaa 

Central Provinces. 


• 

615,290 

680,629 

66,339 


Hydnabad . 

• 

^ a 

75 

216 


•as 

Korth-West Frontier Province 

47,449 

49,869 

2,420 

as-a' 

Punjab 

• 

a 

13,841 

6,045 

sss 

7,796 

Rajputana (Bikann) 

• 

a 

ts* 

iSS 

s«s 

• e» 

Tetal 

a 

17,254,109 

, 

18,212,915 

iMO.m 

zn,m 


Table 6. —Output of the Gondwaim Coalfidds for the ymre 191S and 

1917, 




1916. ' 

1917. 

Coalfields. 



Per cent, of 


Per cent, of 



Tons. 

Indian 

Tons. 

Indian 




Total. 


Total. • 

Bengal, Bihar and Oriasa — 






Daltonganj . 

s 

. 76,298 

•44 

79,627 

■44 

Giridih . 

s 

866,055 

6-02 

824,007 

4*52 

Jaintia . 

a 

76,089 

■44 

86,894 

•48 

Jhatia . 

s 

8,950,318 

61 87 

9,783,788 

63*7&- 

BokarO'Ramgarh . 

s 

197.255 

M4 

360,760 

1-9& 

Baniganj 

• 

6,535,307 

V 32 09 

6,376,022 

29^52 

Sambalpur (Hingir-Ranio 

69,737 

•36 

52,892 

•29 

pur). 

Central India — 






Umaria . , 

4 

200,285 

M6 

198,407 

1*09 

Ctniral Promncea — 



Ballarpur 

a 

84,889 

•49 

95,303 

■52 

Pench Valley 

• 

154,548 

•9 

204,502 

M2 

Mohpani 

s 

48,396 

•28 

71,693 

■39 

Hyderabad — 





3-74 

Singareni . . 

• 

616,290 

3*56 

680,629 

Total 

a 


9f'74 

17,814,524 

W*81 , 




























C?o<i?/fcfe M iW md l017* 



Atao/m — 

Hakum • • 

'. Naga Hills 
Bibsagar 

Khad and Jaintia Hills 

li - 

Baiitckiatan — 

. Khost . 

Sor Range 


NortJt‘West Frontier Province — j 
Punjab — 

Jhelum . . • > 

Mianwali 

Shahpnr. . . • 


Bajputana — 


me. 



Tdhs. 


Foe cent, ol 
Indian 
Total. 



For cent, of 
Indian. 
TbtaL 

N' . 


283.830 


Bikaner 


• • f 


Total . 


The average nurdber ol persons employed dady m the coalfi^s 
increased by nearly ,,11,W or rather less than 7 ^ 

average output per person employed was 108-88 tons as against 110-21 
in the preceding year. The total number of fatal accidents was 
172 or 1-02 per thousand persons employed. 
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Uecords of the Geodo^iceU Surrey of Ji^dia> XLIX." 


B.— Ave^e wmfber of persons empidyed deeUy in the InMm 
' ; ' Co^fiMs dwti^ 1916 af^ 1917. 


Proviaoe. 

V. 

J(r , 

Number of persons em< 
{doyed daily. 

Output 
per person 
employed. 

Number 
of deaths 
by aooi- 
dents. 

lleath*^ 
rate per 
1,000 
persons 
employed 

a 

1»16^ 

1917. 

' 1917. 

1917. 

1917, 

AMftW . . 

2,814 

2,962 


24 

8-1^ 

Bdaohistan . . 

1,111 

966 


8 

8-3C 

Benji^l 

' 48,040 

38.685 


36 

•9 

Bihar and Oiissa 

92,068 

106,671 

111-96 

83 

•77 

Central'lndia 

1,480 

1,244 

169-49 

1 

-8 

Oentcal Prorincea 

3,55$ 

4,245 

87-61 

11 

2-59, 

NorflPwest Frontier 
ftovinoe. 

11,299 

11,566 

68-84 

8 

■69 

7 

14 

15-36 

... 

• • • 

Punjab 

1.049 

1,033 

48-27 

2 

' 1-93 

Bajpntsna (Bikaner) 

143 

107 

66-5 

» « 

... 

Total 

156,854 

167,272 


172 

... 

Avkjuok 

1 


108-88 


1-02 


Copper. 

There was a large increase in the output of copper ore in Singh- 
bhum from 2,173 tons, valued at £3,259, in 1916 to 20,108 tons 
valued at £30,162 in the year under review. It is hoped that the 
smelting operations of the Cape Copper Co. will soon result in' a 
considerable increase in output. 


Tabli: ^.—-Production of C(^per-ore during 1916 and 1917. 


' 

1916. 

1917. 

1 

1 

Quantity. 

Value. 

1 

Quantity. 

Value.’ 

Bihar and Orissa — 

Tons. 

£ 

Tons. 

£ 

Singhbhum 

Biirma-— 

2,173 

J 

! 

3,259 

20,108 

it. i 

30,162 

\ 

ICOtbliOr • a • 

498 

1,347 

• ■ • 

• • • 

To4 

. . 

2,671 

4,606 

26,108 

30,m 

1 
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Part 2.} Mineral Productionf 1917» 

Dinmoads. 

' Tke output of diamonds was again insignificant, being onlj 
16‘2 carats. The value (£1,827), however, shows a marked increase 
over that of the output of the preceding year. 

Gold. 

There was a further decrease amounting to 24,000 oz. in the 
output of gold. As in the preceding year, this was due chiefly 
to fall in the Kolar production. There was also a fall of ov^ 6,000 oz. 
in the Hyderabad fields and of nearly 2,000 oz. in Madras." *The 
output in Singhbhum increased from 864 oz. to 2,402 oz. 


Table 10. —Quantity and value of Gold ^produced in India during 

1916 and 1917. 



* 

1916. 

1917. 


Quantity. 

Value. 

Quantity. 

’ Value. 

‘D 

Labour 

► 

ozs. 

t 

£ 

ozs. 

£ 


and Orissa — 
Singhbhum 

864 

3,977 

2.462 

10,133 

119 

Burma-^ 






Myitkyina. 

1,901 06 

7,289 

l,005-55 

3,805 

1 . • 

■ • 

21-21 

85 

31*19 

113 

y 166 

Upper Chindwin 

^ 46-96 

276 

42-18 

240 

J 

Shwebo . 

s 

7-41 

36 

« * ■ 


• • « 

Salween » 

6 ^ 

24 


• • • 

« • • 

Hyderabad 

18,667-2^ 

71,.577 

13,466-7 

62,013 

1,140 

Madras . . 

22,371 ’( 

94,789 

20,529 

87,066 

1,768 

Mysore • 

664,301 i, 

2,’24,129 

636,.569 

2,067,641 

24,631 

Punjab . > . 

186-2t 

810 

190 08 

867 

407 

United Provinces 

768 

31 

7-31 

31 

39 




'a 



Totfd 

891,849*69 

i 

8,303.02} 

574,293*01 

8,221,889 

28,169 










04 ^ Rec&rd^^ &f the Qeole^ic&l^ Sum^ pf 'CT®*'* . 

<irai^hlie. 

• wim « coi^derable reduction in tli« |«eduetioii d4 : 

in K»ll3i»tidi, where the onl^ut feil front 252 tons^ m\ 

£160, in ldl6 io 60>4 tons, valued at £242, £a the ;fear under review, ' 
while in Bajputana there was a stSl greater foil from 1,0664 to 

42*2 tons welned at £305. 

*■ 

Iron. 

Th^e was a small rise in the output of iron«ore. The Tata fo<m 
and ISteel'-Company produced 167,870 tons'of pig iroxh and 114l027 
tons of steel induing steel rails, while the Bengal Iron and Steel 
Ck»mpany produced 80,262 tons of pig and 2,256 tons of cast-iron 
castings. In the Oentral Provinces there was a slight increase in 
the number of indig^ous furnaces at work, 312. being operated 
during the year; at the same iame there was a fall in production. 


Tabx.b 11 .—Quantity and value of Iron ore produced in India during 

1916 and 1917. 



1916. 

1917. 


Quantity. 

Value. 

Quantity. 

Value. 

Bihar and Oriam — 

’ Smghbham . 

Orissa .... 
Burma .... 

Central Provinces . 

Bajputana .... 
United Proinneea . 

Tons 

160,^268 

240,918 

16.081 

4,464-3 

33*5 

3 

£ 

10,919 

21,271 

4,288 

1,493 

9 

1 

a *^ 

Tons. 

184,815 

195,998*5 

28,763 

3,669 

25 

2-2 

A 

£ 

13,778 

17,543 

7,670 

978 

7 

1 

Total 

411,757*8 

37,981- 

413,272*7- 

39,977 


Jadeite. 

There was a slight increase in the output of jadeite produced 
in Burma from 3,783*37 cwt. in 1916 to 3,961*28 cwt. in the year 
under review. There was a very marked increase''in the value from 
£9,315 to £28,931.* This increase is attributed to a preponds^nee 
in the output of the high-grade <iuidities used for jewelleiy and other 
ornamental purposes. 
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3^*^^ Pr0duttioi^t jfStjfr, 

l^esid. 

TWa was a v&tf iiufge inocease in OFO^t oi o^e from the 
'SitWwjn mmas» wMch rose from ii^out ^4,000 tcms j2)L„!t616 to over 
tons" in the year tmdier review. ’ T^re was notj, Jiowevef, 4 
omnmensnrate inoiiAsse in the amount of lead extracted, which was 
oxdy 16,962 tons, as against 13,790 tons in the preceding year. 
IStere was an increase of over 100 per cent., however, in the ^uan^tj 
^ silver extracted, which amounted to 1,580,557 oss. in, 1917 as 
a^jbost 759,012 oz. in the preceding year. ^ 

*]pAnLB IZ.^^Productton of Lead and SUwr ore dktrinff 1916 and 1917. 


\ 


1010. 



1917. 

.._ft___— 

« 

s 

QlTAHTnV. 

1 « Vaiva. 

Qvawtztv. 

Vaivs. , , 


Lead-ore 
and lead. 

Lead-ore 
and slag. 

Silver. 

* 

1 

Lead-ore 
and slag. 

Lead-ore 
and lead. 

1 

Silver, 


Tons. 

£ 1 
1 * 

2 

Tons. 

£ 

£ 

Sw/nor— 

Nortbein Shan 

8,836 

1 ! 

273,86(Ka) 

« 

70,732 

54,616 

(ore) 

6,282 

461,666(7) 

228,760 

States 

(ore) 

4,771 

147,976(6) 

16,989 

48,017(6) 

4,361 

! 

(slag) 

202 

6,239(c) 

1,831 

(slag) 

10,689 

9,292(0 

3,966 

Southern Shan 

(gossan 

flux) 

143*58 

275 

1 

(gossan 

flux) 

146*8 

1,676 

a.** 

States. 

Central Provin- 
oee.— 

Umg 

7 

1 43 

1 

1 

■ « 

1 

1 

• • 4 

s »« 

I 

Kcuihmir , 

7*2(d) 

see 

* 

a** 

• 4 a 

• 44 

Mywre — 
CSbitaldrug 

1>7S 

$ (e) 

m 4 

*09 

0) 1 

1 

B • 

Total 


^8,383 

88,S52(f) 

71,6a3'89 

310,839 1 

237,083(i) 



-a- 



1 1 



(f) 

(«0 

ie) 

if) 

« 



Value of 8,822 tons of lead extracted. 

Value of 4,767 tons of lead extracted. 

Vadue of 201 tolra of lapid extracted. 

Chig-oqt by a lioeueee Snder a prospecting license. Value not returned, 
Valne not returned. 

Value of 759,012 oza. cf silver extracted 
Value of 15,051*85 tons of lead extracted. 

Value of 1,600*56 tons of lead extracted, 
yalne of 8^72 tons at lesid extracted, 
ante not rstumed. 

'alue of 1,580,557 osa dt nlvw extracted 


















B0oords tke^, Beologicdl of^tn^ia* ^ XliXXii 

Magnesite. 

Ther^ was a fuller slight increase in the production of magnceite^ 
which lose ftona 17,640 tons in^ 1916, to 18,202 tons, valued at £14^659, 
in the year under review. 


TaBi,B 13 .—Quantity and value of Magnate p'odutxd in India 

during 1916 and 1917. 



i«ie. 

1917. 

in 


, j 

Quantity. 

Value. 

1 

Quantity. 

Value 


Tons. 

£ 

Tons. 

£ 

Madrw — 


V«. 



Salem . , . 

17,640 

14.032 

18,192 

14,564 

Mynori .... 

100 

■a. 

33 

10 

6 

Total 

17,640 

14.065 

18,202 

14,559 


Manganese. 

There was a slight fall in the produiSlion of niangaftese, but at 
the same time the value of the output was higher than that of the 
preceding year. Thisi of coifrse, is due to the artificial conditions 
prevailing at present. 


Tabxe 14.— Quantity and value of Manganese ore produced in India 

during 1916 and 1917. 



f—..<. 

1916. 

1 

L ....._ 

1917. 

Quantity. 

a 

Value 
f, 0. b. at 
Indian 
ports. 

Quantity. 

Value 
/. 0 . h. at 
Indian 
ports.. 

Bihar and Orissa — 

Tons. 

£ 

i 

£ 

Singhbliuiu . 

2 

4 

126 ! 

§ 

to 

Gangpur . . ' . 

1 

'2,832 

6.018 

j 

11,780 

27,890 
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Tabx^ li,—Qm‘di(^ am4 ^lue of Mangmeee or© produced m India 

during 1916 and 1917— 


'■ ‘ 

ii ^ V’ 

low. 

1917, 

_ 

Quantity. 

Value 
/. 0 . 5. at 
Indian 
p.irt8. 

Quautity. 

^ ■ 

Value 
/.O.6. at 
-Indian 
ports.' 

' • 

9aniha,y~ 

Bdgaum . . . 

Chota Udopur 

Panoh Mahals 

Tons. 

^ 1,765 
7,061 
46,160 

£ ■ 

3,761 

16,806 

98,000 

Tons. 

417 

26,690 

91,832 

Central Provinces — 

Balaghat . 

Bhandara ' . 

Chhindwara . 

Nagpur 

Jubbulpore . , 

264,032 

86,344 

53,977 

163,809 

676 

627,076 

205,067 

128,105 

366,610 

727 

260,706 

44,997 

66,235 

146,603 

300 

68e;%26 

118,492 

174,419 

383,421 

790 

Madras. — 

. yizagapatam'. , . 

2,766 

2,893 

1,682 

1,864 

Mysore .... 

24,911 

32,799 

32,277 

46,188 

Total 

645,204 

X 

1,487,026 

590,813 

1,401,080 


Mica. 

n 

‘ As in the case of ma^anese, there was an apparent fall in the 
amount of mica produced, but a rise in the value of the output, the 
total production in 19lf being returned as 40,907’6 cwt. valued at 
£141,606. The amount Sported, on the other hand, w'as 62,434 cwt., 
or over 50 per cent. mo|;e than the quantity reported as produced 
in the country. This dannot b« due entirely to stocks held from 
previous years, and, aA has been pointed out before, indicates 
impcarfect returns. ' .Owing to the recent heavy deman^d for mica and 
to the higher prices o^fe^ed, there was increased activity in mining 
during the past year, and there is very little doubt that the output 
figures are top low. Th^e is a thriving trade in mica theft in some 
of the mining areas, an^ stolen mica naturally does not appear in 
the ou^ut returhs. ' 
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* ir 

Tablb l5.«^aN^ 4ini Talm of Mind ftod/a^ ink I»dia during 

1Q1^nik£791*r. ' ' 


i 

1916, 

, 1917. 

fk ’’ 

Quantity 

Valuo. 

% 

Quantity. 

Value. 


Cwt. 

£ 

Owt. 

£ 

Bihar and Onsoa . « • 

^6,819*8 

76,940 

34,137 

91,825 

Madras .... 

15,678 

« 28,945 

6,060*4 

45,718 

Myoore .... 

» 

72 



Bajsgitana «... 

887 

3,287 

720*2 

4062 

Total • 

43,899*8 

109M4 

46,967*6 

141,606 


Monazite. 

The production of monazite in Travancore rose from 1,292*48 
tons valued at £37,714 in 1916 to 1,940*3 tons valued at £66,489 
in 1917. 


Petroleum. 

There was a decrease of over 14 milUon gallons in €he output of 
petroleum in Burma and India, the total production being 282,759,623 
gallons. The details of the respective fields are shown in the 
attached table. The production of the Yenangyaung Oilfield fell from 
nearly 199 million gallons in 1916 to 176,979,020 gallons in the yew 
under review. The yield of theBingu Oilfield was 85,639,164 gallons, 
approidmately the same as in the preceding year. There were 
slight increases in the outputs of the Yenangyat and Minbu fields, 
but a falling off in Kyaukpyu.^ In Assam the output of the Pigboi 
Field increased by over 1 million gallons, or nearly 23 per cent, while 
the new Badarpur field in Assam produced nearly 3 million gallons. 
In the Punjab the Attock Oilfield increased its production more than 
threefold, the output having risen from a little over 182,000 gaffoua 
to 618,098 gallons in 1917# 
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Hmx mtd Vttkte of Potroteim pfro^wsid in India 

' ^ dvnnsJima$idm7, 



♦ 

1916 

1917 . * 




Value. 

Quatittty. 

Value. 



, Oidloiis. 

€ 

OoUoao. 

£ 

Burma-^ 

Akyab .... 
Kynxikpyu . . 

YenaagyavBg ilela 
Sit^u Kdld « « 

Yeiiaugyat Sleld . 

Minbn . • . 

Thayetiuyo . 

• 

• 

0 

• ' 

• 

• i 

• 

11,682 

66,846 

199 , 162.638 

85 , 146,138 

6 , 310,740 

2 , 048,642 

35,000 

226 

766,662 

305,002 

19,980 

8,616 

293 

10,894 1 
48,821 
176 , 979,020 
86 , 639,166 
6 , 620,908 
3 , 468,382 
30,000 

210 

1,408 

681418 

$ 29,636 

24426 

14,452 

263 

Asiam — 

Digboi (Lakhimpui) 
BacUrpur 

4 

« 

6 , 236,890 

17,274 

6 , 419,840 

2 , 924,976 

, 21.176 

14,626 

Punjab— 

Attock . . . 

Mianwah 

« 

• 

182,480 

1.834 

1,216 

14 

618,698 

919 

6,165 

13 

Total 

t 

• 

297 , 189,787 

1 , 719 ,m 

282 , 759,821 

1 , 099,994 


* 

Tl^ imports of kerosene oil decreased largely in 1917, being 
only *a little over 33 million gallons as compared with nearly 60 
million gallons in the preceding year. 438,888 cwt. of parafBn 
wax, valued at £669,479, yrcre exported. 

1 

Platinum. 

I^e output of platinum fell to almost nothing, being only 3-79 
OS; this was obtained, as! usual, during the dredging operations of 
the Burma Gold Dredging Company at Myitkyina. 

Rtlby, Sapphire and Spinel. 

There was a rfight decrease in the output of the Ruby Minos 
during ihe year under review. The estimated value of the outj ut 
h.owet*et, rose to £61,831. i 
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Table 17 .—Quantity and Value of Ruby^ Sapphire and Spinel pro¬ 
duced in India during 1916 and 1917. 


* 

1 

1 1916. 

1917. 

Quantity. 

Value. 

Quantity. 

1 

—-- ^ - 

Value. 

i 

j 

1 

Carats. 

£ 

Carats. 

. £ 

Burma — 





Mogolc .... 

136,783 

35,848 

1.32,409 

43,575 


(Riibifs) 


(Rubies) 



34,100 

1,442 

32,369 

8,017 


(Sapphires) 


(Sapphires) 



38,841 

223 

33,422 

239 


(Spinel) 

- 

(Spinel) 


Total 

209,724 

37,51S 

198,200 

S 7,831 


Sait. 

There was a slight decrease in the amount, and a slight rise in the 
-value, of the (mtput of salt in 1917 as compared with that of the 
preceding year. There was also a slight decline in the amount 
imported, from -tlOjOGO tons, valued at £1,200,295 in 1916, to 
341,986 tons valued at £1,360,093 in the year under review. 


Table 18 .—Quantity and Value of Sail jirodueecl in India during 

1916 and 7917. 


— 

1916. 

1917, 

Quantity. 

Value. 

Quantity, 

Value. 


Tons. 

£ 

Tons. 

£ 

Aden ..... 

120,406 

45,614 

122,926 

65,052 

Bengal.' .... 

o 

1 

21 

28 

Bombay and Bind 

484.742 

128,420 

457,980 


Burma. .... 

38,774 • 

184,812 

43,650 

229,882 

Central India 

6-7 

32 

25-1 

114 

Gwalior State 

lit 

361 

269 

854 

Kashmir .... 

36-7 

27 

• • « 

« a • 

Madras .... 

481,J70 

207,065 

394,Sl85 

384,617 

Northern India 

354,398- 

102,023 

405,731 

136,917 

Rajputana .... 

... 


2,057 

247 

Total 

1,488,649-4 

728,358 

1,427,653*1 

983,167 
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Paet 8.] Hayden : Mineral Prodiicttorif 1917. 


Table 19. —Quantity and Value of Rock-Salt produced in India 

during 1916 and 1917. 



1910. 

191 

7. 


Quantity. 

Value. 

Quantity. 

Value. 


Tons. 


Tons. 

f . 

Salt Range .... 
Kohat .... 

Mandi ..... 

19,078 

4,.'i08 

27.283 

1,98.3 

5,440 

m 

25,921 

2,509 

5,752 

Total 

184,904 

34,706 

180,967 

34,182 

Saltpetre. 

The i^roductiori of saltpetre fell from over 2D,000 tons in 1916 
to 21,283'8 ton.s valued at £527,666 in 1917. Mo.'«t of the reduction 
occurred in the United Provinces. There was an increase in the 
quantity exported, which amounted to 515,374 cwt., valued at 
£677,856, in 1917 as against 485,000 ewt. in the preceding year. 

ft 

Table 20.— Quantity and valve, of Saltpetre 

during 1016 and 1917. 

produced 

in India 


1910. 

1917. 

. 

> 

Quantity. 

V'alue. 

Quantity. 

Vaiue. 


Tons. 

£. 

Tons. 

£. 

Biliar ..... 
Central India 

Punjab .... 

Rajpatana .... 
United ProiriucoR . 

5,901 
251 
8,140- 
244 
10.743 

143,188 

481 

191,878 

5,700 

206.241 

,5,0243i 

OV.j’, 

9,141 

234-2 

0.865-4 

122,995 

2.52 

226,793 

6,893 

170,7.33 

Total 

25,056*1 

607,488 

21,283*8 

( 

! 527 606 
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Silver. 

Pracjtically the whole of the silver production comes from the' 
Badwin lead-zinc mines, which, as already stated {see Lead), pro¬ 
duced 1,580,557 oz. in the year under review. The Anantapur gold 
mine in Madras also produced 1,281 oz. 


Tin. 

There was a considerable increase—amounting to 43 per cent.— 
in the amount of tin-ore produced. This all came from Burma, 
which yielded 13,326 cwt. valued at £65,533. 2,817‘0 cwt. of block 
tin were also produced in Mergui district as the result of local smelt- 
iiig operations. The imports of block tin amounted to 28,180 cwt., 
valued at £292,135. 

K.B ,—^The tin-ore of the Southern iShan States is produced in the form of mixed 
oasaiterite-wolfram concentrates; the output is thei’efore 'returned in terras of the 
mixed coucentrato, the approximate composition of which is usually 43 per cent, 
volfram to 57 per cent, cassiterite. The total figure for 1917 is 14,239 cwt. ; for the 
purposes of this Bevkw it, has been assumed that 8.088 cwt. of this represent tin-ore 
and the remainder wolfram. 


Table 21.—Quantity and value of Tin and Tin-ore for the years 

1976 and 1917. 



1910. 

1917. 

-^—. 

Block Tin. 

Tin Ore. 

Block Tin. 

Tin Ore, 

i 

Quan¬ 

tity. 

Value. 


■ 


Value. 

Quan¬ 

tity. 

Value. 


Cwt. 

£. 

Cwt. 

£ 

Cwt. 

£ 

Cwt. 

£ 

Burma— 







• 


Amherst 

' • ■ • 

• • • 

10 * 

16 

1 

1 ••• 

... 

33 

176 

Mergui . 

2,257 19 

19,802 

1,897 

10,531 

2,817-9 

27,962 

1.761 

10,930 

Southern Shan 


• • • 

4,862 

16,965 

• •• 

> a « 

8,088 

40,440 

States. 

Tavoy . 


• • • 

1,644 

8,192 


f * * ^ 

1,762 

11,015 

Thaton . . , 

... 

! 

900 

3,598 

... 

[ « • ■ 

1,677 

3,972 

Total 

2,257*19 

19,802 

9,313 

39.302 l2,817*9 

J 

27,962 

13,321 

66,m 
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Tungsten, 

The production of wolfram rose ‘by nearly 22 per cent., from a 
little under 3,700 tons in 1916 to over 4,500 tons in the year under 
review. The Central Provinces have now ceased to produce, and 
there has only been a small increase in the output in Singhbhum. 
The output of the Degana mines in Kajputana has increased 
somewhat but is still insignificant, the absence of water being a 
serious handicap to' efficient treatment of the material. Over 80 
per cent, of the total output of wolfram came from Tavoy, where 
the industry has shown highly satisfactory progress, the produc¬ 
tion having increased by nearly 75 per cent, during the last 
two years. 


Table 22.— QumUity and value of Tungste^i-ore produced in India 

during 1916 and 1917. 


A 

1916. 

1917. 

1 

1 

j Quantity. 

Value. 

Quantity. 

Value. 

Bihar ami Orissa — 

Singhbhum . 

1 

Tons. 

8 

£ 

640 

Tons. 

20 

1,333 

Bvrnta ^ ■— 

Mergui .... 
Southern Shan States ® . 
Tavoy .... 
Thaton . , . 

340 

18S 

3,034 

91-5 

46,014 

18,600 

410,586 

15,079 

368 

307 

3,697-5 
107-6 ^ 

49.541 

39,910 

608,794 

16,366 

•Central Provinces — 

Nagpur’ 

1-3 

220 

« « • 

• • • 

Sajputaaa — 

Marwar 

32-7 

6,358 

42 1 

1 

8,130 

Total 

3,692*5 

407,397 

4,542 ; 

6ii3,074 


* Figures taken from “ Note on the mineral production of Burma” for ldl6 and 1917. 

* See note under Tin, * 


o2 
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Agate. 


III.—MINERALS OF GROUP II. 

The output of agates amounted to 120 tons' 
valued at £255. All of these came from. 

Rajpipla. • 

The production of alum fell by nearly 50 per cent, from 9,419 cwt, 

in 1916 to 5,434 cwt. valued at £3,707 in 
Alum. 1917. This production was from the Mianwali 

district in the Punjab. 

59-6 cwt. of amber, valued at £684, were produced during 
the year in the Myitkyina district of' Upper 
Burma. 

The production of antimony ore fell from 1,040 tons in the 

year 1916 to 1.30-5 tons valued at £139 in 
Antimony. under review. Of this 105 tons 

came from the Amherst district in Upper Burma and 25| from the 
Cbitaldrug district of Mysore. 

Nearly 26,000 carats of aejuarnarine were produced from the 

Kashmir workings during the year under re- 
Aquamarine. view. The output was valued sit £297. 

A small quantity of asbestos was produced during the year, 

the total output being 148 tons valued at 
£303, of which 7 tons were produced in the 
Central Provinces and 141 tons in the Hassan district of Mysore. 

The output of bauxite iu the .lubbulpore district amounted 
to 1,363 tons. The estimated value was £620, 
The output in tlie preceding year was 750 tons,- 
A small quantity (5 cwt.) of bismuth was mined iu the Tavoy 
district, where native bismuth is occasionally 
BUmuth. found associated with the wolfram. The esti¬ 

mated value of the output was £16.3. 

The total estimated value of building stone- 
and road-metal produced during the year 1917 


A be:4o5. 


Bauxite. 


Building Material, 
was £249,776. 

Clay. 


The production of clay w'as 86,745 tons 
valued at £9,019. 

There was a slight increase in the output of ctfruudum from 37,361 

cwt. in 1916 to 41,425'8 cwt. in the year under 
Corundum. review. With the exception of 200, cwf. from 

Rewah and 26 cwt. from South Canara, the whole of the productions 
came from Assam. 



^Table 2l.’~Produdion of PuiUing Materiats and road metal in India daring the year l9lf. 


■pAItT 2.3 
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The output of gypsum shows a slight increase over that of the 

preceding year. The figures are given in table 
Qypsutn. 22 


Table 23. —Production of Gypsum during 1916 and 1917. 



1916. 

1917. 

' ' 

Quantity. 

Value. 

Quantity. 

Value. 

Punjab — 

Jheluffl .... 

Tons. 

615 

£ 

31 

^ Tons. 

1,068 

£ 

63 

Rajputana — 

Bikaner (Jamsar) . 

11,613 

620 

, f 

8,ll6 

661 

Marwar 

3.800 

194 

7.499 

320 

Total 

16,028 

74S 

1 

16,683 

IftU 


27 cwt. of 

.Holjpfidettite. 


molybdenite, valued at £626, were produced from 
the Tavoy wolfram mines during the year 


1917. 


Ochre. 


The output of ochre rose from 850"5 tons 
in 1916 to 3,143 tons valued at £1,630 in the 
year under review. 


Table 24. — Pn^uctiou of Ochre duriny 1916 atul 1917. 



1916. 

! 1917. 

t 

! 

1. - - . 


Quantity. 

Value. 

Quantity. 

Value. 


Tons. 

1 

£ 

■ 

Tone. ■ ] 

£ 

Bihar and Orissa . 

3-5 

1 

69 

49 

('entral India 

839 1 

939 

2,174 

773 

('entral Provinces . 

8 

I 

900 

808 

Total 

850-5 

941 

3,143 ; 

1 

1,639 
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67 lbs, of samarskite, valuod at £2, were 
produced from the Sankara mica mine in Nellore, 
There was a very marked rise in the quantity of steatite produced. 

The total production amounted to 7,828-7 tons 
valued at £6,470. 


Saimusklte, 


Steatite. 


Table 25 .—Quantity and value of Steatite produced in India during 

1916 and 1917. 



1916. 

1917. 

’ 

Quantity. 

Value, 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

Bihar and Or ism — 





Siughbhnm 

(«) 

260 


• •• 

Mayorbhanj . 

62 

333 

6Q 

267 

Burma — 





Meiktila 

«•« 


4,846 

1,107 

Central 1 ndia — 

... 

... 

16 

26 

Bijwar .... 

• •• 


73-3 

386 

Central Bravinces — 





Jubbulpore 

891-75 

794 

2,421*8 

2,619 

Madras — 





Bollaiy .... 

36 

12 

23 

8 

Kumool . 

10-45 

116 

10-3 

11.5 

NeUore .... 

60-5 

2.51 

19-5 

77 

Salem .... 

87 

325 

149-6 

762 

Mysore .... 

... 

... 

8-5 

17 

(Ajnier-Marwara) . 
United Brovinees — 

..r 


119-7 

319 

Hamirpur 

76 

604 

80 

630 

Jlianei .... 

10 

43 

11 

48 

Total 

BBI 

2.G2S 

7,828-7 

6,470 


(a) Quantity not rctupucd. 
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IV.~MINERAL CONCESSIONS ORANTED. 


Table %.-Stciimmi of Mineral Concessions granted during 1917. 

ASSAM. 


DtSTEIOT. 


Cachti 


Ehoai aud 
Jaintia 
Hills. 


Orantee. 


(1) Mr. I’. H. Carslaw 


(2) K.hfisi mils jmw- 
poctiiig and mining 
syndirate, Ltd. 


LakUimpiir 


]>o. 


Sylhch 


1 ) 0 . 


(3) Assatn Kailwiiys and 
Trading Co., Ltd. 


(4) hiir.!a Datta and 
Snlal Jii'riu. 


(.'0 T1il> Burma Oil Co., 

Ltd. 


DQneral. 


( 0 ) 


Bo. 


Hiucra] oils 


Ore ol tin, lead, 
titaninm, silver, 
mercury, bis- 
niiitli, niekel, 
cobalt, copper, 
aloe, antimony, 
arsenic, sulphur, 
tungsten, molyb¬ 
denum, vana¬ 
dium, nraiitiim. 
tantalum, •liobi- 
um, ttiorium, 
cerium, bcr>l- 
liutn, z'rconinin, 
lanthanum, pras¬ 
eodymium, neo- 
djunium, sama¬ 
rium, yttrium, 
terbium, dysiiro- 
sium, gadubnlum, 
liolnilum, erbium, 
thulium, thallium, 
ytterbium, scan¬ 
dium, radium, 
iron and nmng.a- 
niwe. the minera's 
corundum ami 
emery, the metal 
gold and mi- 
nerulf-' and metals 
carrying gold, 
the metal plati¬ 
num and the 
platinum metals, 
and minn'als and 
metals contain¬ 
ing platiuiim 
and the plati¬ 
num metals. 


(’oil!, Iron, slate 
and shale. 


roal 


Muieral oils 


1 ) 0 . 


Eature ot 
grant. 


P.L. 


M. L, 


M. L. 


r. L. 


V. L. 


r. 1,. 


Area 

Date of 

In acres. ^ 

commence- 

luest. 

16,000 

Olst May 


1017. 

1,020 

Ist March 

1017. 


2,‘i27’2 

8,238-08 

]l,G03-2 

2,S)44 


1st April 
1917. 


6th October 
1017. 


15th iMav 
1917.■ 


Do. 


Teim. 

lycar. 

30 years. 


Do. 

1 year. 

* 

Do. 

Do. 


I', tweiwe M. L.^Jfmng Leate, 
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DISTBIOT. 

ClrAitteo. 

SUneral. 

Nature of' 
grant. 

Area 

inaorea. 

Date of 
coimnenoe- 
ment. 

Term. 

Kalat 

(7) Tlie Indo-Burina 

Potrolcum Co., Ltd., 
Bailgoon, through their 
ManaKing Agents, 

Metisrs. Steel Brothera 
A Co. 

OU . . . 


15,300 

20th Hay 
1917. 

1 yoBt. 

1 

Wo. 

(8) Wo. 

Do. . 

P.L. 

17,920 

Do. 

Do. 

»o. 

(0) Tho Burma Oil Co., 
Ltd., Bau^ooa. 

Wo. . 

P.L. . 

24,900 

18th Dccein- 
lier 1916. 

Do. 

Quottft- 

Pishln. 

(]0) Khan Bfdiador B. 
n. Vatcl, C.I.E., 
Quetta. 

Chromite . 

M. L. 

80 

1st J uly 

1917. 

30 years. 

no. 

! 

(11) Mr. Tika.ni Daas 
Olrdhnn Wass of 
Shikorpore. 

Coal . 

ai. L. 

i 

80 

Do. 

Do. 

mi . 

1 

(12) W. C. l.lumenis. Esq . 
through hia Agent 
Babn llanda Siugh- 

Wo. . . ■ . 

SI.L. 

[ 

10-46 

let .Tanuary 
1917. 

Wo. 

1 

Wo. 

(13) Sir. Tikam Wash 
Oirdhuri Dass of 

Shikarpore. 

1 

Wo. . . j 

M. L. 

80 

Do. . 

Do. 


BIHAK AND ORISSA. 


Oya 

(14) Sfr. Snri-ndr.a Nath 
Tagore ot Calcutta. 

Mica . 

Sf. L. 

1,557-06 

1st October 
1915. 

20 yean. 

Hazaribagti 

(15) Babu I’rohodh 

(,'haiidra Mukharji. 

Do. . . - . 

P.L. 

80 

20th August 
1917. 

1 year. 

Do. 

<1G) Babu SliivaJco\Yalji‘(‘ 

Do. . 

P. L. 

3-70 

25 th Lune 

1917. 

Lo. 

Do. 

(17) Babu Jagaiinatli 
Koean 1,al. 

Do. . 

P. L. 

280 

18th Soptum* 
her 1917. 

Do. 

Do. 

(18) Babu L.akshini 

Naruiii Sukhonl. 

Do. . 

I*. L. 

137-07 

23rd August 
1917. 

Do. 

Wo. 

(19) Babu Shlvajl Walji 

Do. . , 

1 

1 

P. L. 

3-2.1 

loth October 
1917. 

Do. 

Do. 

(20) Babu Banka Behan 
chaudhuri. 

Do. . 

M. L. 

1 

70 

Lease not yet 
executed. i 

i 

30 years. 

i'simbalpiir , 

(21) Sir. T. P. Yeoman . 

CUAI . 

1 

51. L. 

1,300 

1st July 

1917. 

Do. 

SitHtal T’ar- 

(22) Babu Bansi 'Ram 
Slarwari. 

Do. . 

M. L. 

-33 

! 

Int Octobur 
1917, 

1 

0 mouths 
up to 
3lHt 

1 Man’ll 
1918. 


T. X..--ProspttAin^ License. M. Mining Lease, 
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Dtstuox. 

a 

Orantoe. 

a 

Mineral, 

Bature of 
grant. 

Area 

inaaes. 

. Dal«of 
commence* 
meat. 

Term. 

Santa] For- 
ganag. 

(23) Baba Band) Bam 
Marwart. 

Coal , . 

* 

M.t 

1-00 

let October 
1917. 

^-months 
op to 
ofst 
Match 
. 191^. 

Do 

(24) Babn Jamuna 

Prasad. 

Do. 

• 

M.l,'* ., 

2-60 

Do. 

D6. 

Do. 

(25) Babu Boiiode Beharl 
Dey. 

Do. . 


M. L. 

2-15 

Do. 

Do. 

Do. . 

(26) jUcasrs. Jardine 

Skinner Oo. 

Do. 



5,158-48 

• 

Licenee not 
yet executed. 


Do. . 

(27) E. TUliera, Esq'. 

Do. , 



5,081'28 

Do. 


Do. 

(28) Baldya Nath Dcy 

Do 

• 

M.L. 

10-15 

17th Decem¬ 
ber 1917. 

Up to 31st 
March, 
1918. 

Singhblium 

(20) Sintfhbhnm (ihromHc 
Co., Ltd., Calcutta. 

Chromite . 


P. L. 

521-0 

25th January 
1917. 

1 year. 

Do. 

(30) Do. 

Do. 


P. L. 

638 6 

Do. . 

Do. 

Do. 

(31) Babu AJit Kumar 
Malllk, Howrah. 

Yellow ochre 


P. L. 

11-90 

8th January 
1917. 

Do. 

Do. 

(32) ilr. S. Luxmnn Itao 
Naidu, .Nagpur. 

ChromUe' . 


M. L. 

216 

25th April 
1917. 

15 years. 

Do. . 

(38) Do. 

Do. 

• 

M.L. 

596-30 

Do. . 

Do. 

Do. 

(34) F. Lhindas tVhiffln, 
llaq., Puupodh. 

■Mangannse 
iron ore. 

nod 

P. L. 

12.800 

14th OctolK-r 
1917. 

1 year. 

Do. 

(35) Mr. A. (;. Maitra of 
Calciitl*. 

Chromite . 

• 

P.L 

200 

22nd May 
1917. 

Do. 

Do. 

(36) The lb'ng.ii Iron | 
and Steel Co., Ltd. I 

Manga ucac 
iron ore. 

and 

P. L. 

1,088 

Do. 

Do. 

Do. 

(37) Mr. A. C. Alaitra of j 
t'alcutta. j 

tinicna, gold and 
other kindred 
lutnerala. 

P. L. 

1,330 

22iid August 
1917. 

Do. 

Do. 

(38) ilabn Aloti Ltd j 
Ikwar Daa ul t'alcutta. ' 

Alaugiiieyc . 

• 

P. L. 

75-90 

16th Mat 

1917. 

Do. 

Do. . 

(30) Babu Ajit Kumar \ 
Mallik of Houxah. | 

Bed ochre . 

t 

P.L. 

130 

18th April 
19J7. 

Do. 

Do. 

(40) The Bengal Iron 
and Steel Co., Ltd. 

Iron ore 

■ 

P. L. 

36 

]6th Juno 
1917. 

Do. 

Do. 

(41) Do. . I 

Do 

• 

M. L. 

800 

7tJi Decem- 
b-.'f 1917. 

30 year-. 

Do. 

(12) .Mr. A.C'.Moitra . 

Chromite . 



.360 

24th July 
1917. 

1 year. 

1)0, 

1 

('3) The Bcngii] Iron and 
Steel Co., i.til. j 

MtiDgancsc 
iron ore. 

Rlld 

1 

M.L. . 1 

1 

1,267-2 

Lease not yet 
cxecut&l. 

30 years. 


t.^Pto$pec{in/j Zimtfe. M. l,.<=Sfinit^ Leane, 
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PlVEBlOl. 

Grantee. 

Mineral. 

Nature ot 
grant. 

Area 
in acres. 

Dateof 

Gommenco* 

uentt 

I»rm. 


( 44 ).Tlio 'iata Iron and 
GteeiCo. 

1 

Manganese and 
iron (»e. 

i 

P.L. 

22,144 

! 

The area con* 
sisted of two 
plots of 

lands, one 
measuring 
9,792 acres 
and the other 
12,352 acres. 
Tlie license 
for the for¬ 
mer land 
has been 

eitccuted and 
tlw date of 
the dom- 
menretnent 
! is 30 th Nov- 
ember, 1917 . 
Tlie license 
of the latter 
urea has not 
yet. been 

executed. 

1 year. 

1 

Do. 

( 4 fi) Messrs. M. D'Costa 
and <jor(>diiU Uanpah 
lAl, 

C'iiromib' 

1 >. L. 

310 

3 <ith Ifovom' 
her 15 ) 17 . 

* 

Do. 

Po. 

( 46 ) Dabu Mangi bal 
iMarwnri. 

Yellow and red 
oelire. 

r. T.. 

4-00 

lOth October 
1017 . 

Do. 

0 . 

( 47 ) Mr. A. Maitra . 

Gold . 

M. L, 

1 

Draft lease 
not yet 
executed. 

20 ycJ^^ 

Do. 

( 48 ) Ginglibktim Chromite 
Co., Ltd. 

Oiromite . 

i 

M. L. 

400 

330 

Lcsste not yet 
executed. 

30 ycais. 


♦ 

BOMBAY. 


Dharwar 
(also In 
Esnara 
dlstriet). 

( 49 ) Mr. L. t'. Oliver 

a. 

Galena 

P. L. 

i 1.H3 

1 

I^th 
' 1017 . 

I 

1 

June 

1 year. 

li:a:ra 

i 

'( 60 ) Shlvrejpor Sviidi- , 
cate. Limited, by their ' 
' ■ agent H. .T. Windi, 
I'lsq.. Mine Manager. 
Sliivra.'pur. 

, Manganese and 

1 Alunrhiiinn. 

P. L. 

.‘'0105 i 

1 2 nd 
; 1017 . 

July 

Do. 

1 

Paueh ! 

Mahals. 1 

' 

( 51 ) Messrs, Ghaw Wallace 
A Co., Managing Agents 
to the Bamankuva 
Mines. 

1 Manganese ore . 

1 

H. L. 

680'22 

1 st 

I 1912 . 

June 

8 years 

1 wwmlh 
and 9 
days. 

Do. • , 

(52) H. J. Winch, Mine 
Manager,' ShlVTaJpur 
Syndicate, 8 hlTr«jpur. 

Manganese . 

P. L. 

(r<’iiewal). 

4 j'5 1 

1 

1 

1 

i 5 iii Octolicr 

1 1017. 

1 year. 


P. Progpectitiif liecnse. M. Leats. 
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Distbiot. 

1 

1 

Omntco. 

1 

MlneraL 

< 

Nature of 
grout. 

Area 

laacieB. 

Date ol 
commenoe- 
meat. 

Term. 

S iikkur 

(63) The Manaijliiig 

Agents, Indo-Brama 
Pirtryleiim Co., Ltd., 
Kaitgoon. 

Miucraloll . 

P. L. 

6,008 

1 

1 

1 

20th August 
1917. 

1 

1 year. 


BURMA. 


Aki'ai) 

(64) ilessrs. The Utumah 
Uil Co., J.td. 

Mineral oil . 

i P.L. 

1 

3,620 

1st Septem¬ 
ber 1916, 

1 year.’ 


(.SS) Meswra. The Indo- 
Burma Petroleum Co., 
lAd. 

Do. 

i P. L, 
(renewal). 

6,440 

15th Decem¬ 
ber 1917, 

2 years. ' 

Amlierst . 

(SO) Mukviuda Loll 

Ktmdu. 

All minerals (ex¬ 
cept oil). 

P. L. 

640 

2:$rd Novem¬ 
ber 1916. 

1 year. 

Do, 

(57) Messes. J. W. 
fiuTvroo^ & Co. 

Do. 

P. L. 

1,280 

1.5th February 
1917. - 

Do. 

Do. 

(38) Messrs, T, D. Findlay 
ik Son. 

Do. 

P. L. 

42i>66 

10th Feb¬ 
ruary 1917. 

Do, 

Do, 

(59) SiwBcinNga 

Do. 

I'.L. 

040 

13th Feb¬ 
ruary 1917. 

Do. 

Do. 

(60) Abdul Bari Chow- 
dhry. 

Do. 

P. L. 

640 

Stir Feb- 

nuiiy 1917. 

Do. 

Do. 

(6)) Maung Ba Thein . 

Do. 

P. L. 

640 

loth March 
1917. 

Do. 

I'o. 

(02) Messrs. T. D. Fliidluy 
A' Son, 

Do. 

P.l. 

'1,920 

Do. 

Do. 

* 

i 0. 

(63) Muring Tun Hla 

Do. 

P. L. 

42666 

Dlth Feb- 
rniiry 1917. 

Do. 

Do. 

(64) Maiing Ba Tsee 

DC. 

P. 1,. 

C40 

20th April 
1917. 

Do, 

Do. 

(6.5) ilr. 1,. Hong Seng . 

Do, 

p. 

960 

17th April 
1017. 

Do. 

Do. 

(60) Mr, Ti. Owan Shein 

Do. 

P. L. 

1,280 

20tli April 
1917. 

Do. 

Do. 

(67) .Messrn, T. D'Cn tro 

A Son. 

Do. 

P. L. 

640 

17tlr April 
1917. 

Do. 

Bhaiuo 

(6B) Messrs. S. Cnwshnw 
and B. Hardlnge. 

All minerals' (ex¬ 
cept oil and j.'ide). 

P. L. 

5,516 8 

11th Decem¬ 
ber 1917. 

Do. 

Katlia 

(69) Messrs. Jamal Bros. 
& Co., Ltd. 

Tin, wolfram, sil¬ 
ver, copper, lead, 
zinc and gold. 

P. L. 
(renewal). 

24,320 

4tb Novem¬ 
ber 1910, 

Do, 

Ixtwer Chin- 
dwln. 

(70) Mr. A. K. A. S. 
Jama). 

All minerals (ex¬ 
cept oil). 

P. L. 
(renewal). 

1,680 

23rd March 
1917. 

Do. 


P. h.^Proipeeting Lie«m». M. 1^.—Mining Lease, 













Part 3.] Hayden : Mineral Production, 1917. 83 

BURMA—conirf. 


DISTBIOT. 

Orauteo. 

Mineral. 

Nature oi‘ 
grant. 

Area 

In acres. 

Dute of 
commence¬ 
ment. 

Term. 

Lower OUnf 
dwJo. 

(71) Mtm. Jamal Bros. 
& Co., Id. 

All minerals 
cept oil). 

(.X- 

P. L. 
(renewal). 

140 

28rd March 
1917. 

1 year. 

Do. ■ 

(72) Do, . 

Do. . 

■ 

1*. L. 
(renewal). 

1,120 

Do. 

Do. 

Do. 

(73) McBars. The Burma 
0« Co., Ltd. 

Mineral oil 

• 

P. 1. 

040 

15th Augnst 
1917. 

Do. 

Do. . 

•(74) Do. 

Do. 

• 

P. L. 
(renewal). 

060 

1st May 

1917, 

Do, 

Do. 

(75) Messrs. Jamal Bros. 
& Co., Ud. 

Do. 

• 

P. L. 
(renewal). 

1,440 

let August 
1017. . 

2 years. 

Herga . 

(7(1) D Shan Byu 

All minerals (ex¬ 
cept oil). 

P. L. 

91 90 

1st October 
1916. 

1 year. 

Do. 

(77) Tan Kar Liin end 
two others. 

Tin 

• 

P. L. 

2916 

IStli January 
1017. 

Do. 

Do. 

(78) Maung San Mo 

All minerals 
cept oil). 

(ex- 

P. L. 

083-68 

26th January 
1917. 

Do, 

Do. 

(70) Maung Nyun 

Do. 

• 

P. L. 

2,876 4S 

10th Morcii 
1917. 

Do. 

Do. 

(80) Messrs. Wightinan 
& Vo. * 

Tin . 


P. L. 

53-76 

26ih February 
1917. 

Do. 

Do. 

(SI) Maung Po Thaik . 

Wolfram and Tin 

P. L. 

486*40 

12th Febru¬ 
ary 1917. 

Do. 

Do. 

(83) Mr. n. W. Watts . 

Ail minerals 
cept oil) 

(cx- 

P. L. 

2,343-60 

22nd March 
1917. 

Do. 

Do. 

(sS) Maitnjr Pan On 

Do. 


P. L. 

135-60 

19 th Marcli 
1917. 

Do, 

Do. 

(84) Maung Po , 

Do. 


P. J-. 

601-20 

3rd Ajirll 

1917. 

Do. 

Do. 

(85) M. IFaiiiff 

‘ Do. 


P. L, 

850'72 

24th March 
1917. 

Do. 

Do, 

(80) Mrs. B. 1. Jewett . 

Do. 


P. L. 
(renewal). 

.3,056-64 

12th Febru¬ 
ary 1016. 

Do. 

Do. 

(87) Do. 

Do. 


P. L. 
(renewal). 

471 04 

Do. . 

Do, 

Do. 

(88) M. Hanlff . 

Do. 


P. L. 
(renewal). 

2,680-48 

6tli January 
1917. 

Do. 

Do. 

(89) Yew Shwe Xi 

Do. 

* 

P. L. 
(renewal). 

1,449 

28th .Tanoary 
1917. 

Do- 

Do. 

(90) C. S( 0 Don . 

Do, 


P. L. 
(renewal.) 

1,176-64 

28tl) Febru¬ 
ary 1917, 

Do, 

Do. 

(91) D. Shwe Don 

Do. 


P. 1. 
(renewal). 

793-60 

Ist Feliruary 
1917. 

3 montlis. 

Do, 

(92) tJ. Shwe ThI 

Do. 

• 

P- L. 
(renewal). 

852-48 

14th Febru¬ 
ary 1917. 

6 months. 


P. Prof!pf.cting License. M. Lease. 
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BUBMA-o-oon^dit 


Vtsmcf, 

Grautoe. 

Mineral. 

Nature of 
grant. 

Area 

Inacr^s. 

Date Of 
commouie- 
ment. 

Term. 

Mnrgai 

• 

(t>8) X^aviig . 

All minerals (ex¬ 
cept oil). 

P. L. 
(renewal). 

353 

ISth March 
1917. 

1 year. 

Do. 


(94) Mmrs. Bulloch 

Bros. A Co., Ltd. 

Do. 

a 

P. L. 

1,530 88 

1st January 
1917. 

Do. 

Do. 

■ 

(95) Vew Shwe Ni 

Do, 

• 

P. L. . 

1,776 52 

20tti April 
1917. 

Do. 

Do 

• 

(99) Hr. C. Swcr Httn . 

Wolfram . 

• 

P. L. 

2,626 5(> 

2iid kfay 

1017. 

Dor 

Do. 

* 

(97) Hauug Ngvve Thi . 

Wolfram and 

tin 

P. L. 

746 52 

3id April 

1917. 

Do. 

Do. 

• 

(98) Sir. Mem 8alb . 

All minerals (ex- 
eept oil). 

P I. 
(renewal). 

327-08 

19th January 
1917. 

Do. 

• 

Do. 

• 

(99) Maong Shwe Dou , 

Do. 

• 

P. L. 
(renewal). 

703-60 

lat May 1917 

3 montlis. 

Do. 

• 

(100) Tan Po CWt 

Do. 

• 

P. L. 

320 

18th Septem¬ 
ber 1917. 

1 year. 

Do. 


(101) Ma Mo Thu 

Do. 

. 

P L. 

320 

Do. . 

Do. 

Do. 

• 

(102) Messrs. Pinlay 

Ftetnlng & Co. 

Do. 

■ 

P. L. 

98.1 04 

I7th Septem¬ 
ber 1017. 

Do. 

Do. 

« 

(103) Mr, A II. Noyes , 

Do. 

• 

P. L, 
(renewal). 

100 

26tlk Nornm- 
ber 1016. 

Do. 

Do. 


(104) D. Shwe Thl 

Do. 


P. L. 
(renewal). 

852-48 

iSlh August 
1017. 

6 montlis. 

Do. 


(105) Mr. 7. C. OabbauE 

Do. 

' 

P. L. . 

1,971 20 

Sth Deeem- 
bei 1917. 

1 year. 

Do. 

■ 

(106) Manng Mauna . 

Do, 

a 

P. L. 

640 

1st Novem¬ 
ber 1917. 

Do, 

Do. 

« 

(107) Mr. 0. H. Hand . 

Wolfram and tin 

P. L. . 

2,130 40 

Do. . 

Do. 

Mlobtt 

• 

(108) Messrs. The Indo- 
Burma Pctroteom Co., 
Ltd. 

Mtaeral oil 


P. L. 
(renewal). 

320 n orth- 
ern half 

of bloek 

16 N of tlip 
Miubo Oil 
I'lcld. 

6th August 
1916. 

Do. 

Do. 

• 

(109) Maung Talk Oyl 
and Manng Shwe Mu. 

Do. 

* 

M. L. 

19 in Block 
20 P of 
the Minbtt 
Oil Field. 

23rd Febru¬ 
ary 1916. 

30 ysars. 

Do. 

• 

4 

(110) Messrs. The Yo- 
mah Oil Co., Ltd. 

Do. 

• 

P L. . 

2,570 24 

Blocks 4 P, 

8 P, 12 P, 
24 P and. 
portion of 
11 P of the 
Minbu Oil 
F.cld. 

23rd October 
1917. ■ 

1 Jear. 

Hylngjran 

0 

(Ill) Meung Tun Hman 
and three others. 

Do. 

• 

P. L. . 

270 

18th January 
1917. 

D*. 


P. L.,KPnape(!ting Licfuts. M. t«*#. 
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BDBMA-crali. 


DfffmCT. 

Qrantoe. 

Miueral. 

Nature ot 
grant. 

f 

Area 

In acres. 

DateM 

conunenro- 

nient. 

Term. 

VylftHyan . 

<112/ BaIjMth Sie^h . | 

1 

Mineral Oil 

P. L. 

11.529 

27th August 
1917. 

1 year. 

Myidiyitia . 

1 

(113} Mr. H. F.^ I-psUp . 

1 

Gold and platinum 

P. L. 

1,132-8 

4(h Januaip 
1917. 

Do. 

Di). 

(114) Mvsbig. ThP Burma j 
Hold Iiredoing Co. 
(1911), Ltd, ' 

Gold and Dldlo 
Tlatlnuiu. 

P. t, 
(renewal). 

3,209 

23rd Febru¬ 
ary 1917. 

Do. 

DO. . 

(11 &) Blr, H. F. Leslie . ^ 

Gold . 

P. L, 
(renewal), 

2,9312 

1st Apj 111917 

Do, 

Do. 

(11) Do. . 1 

1 

Do, 

P. L. 
(tenewal). 

640 

IsiNovcmbar 

1017. 

Do. 

Uortliern 

Shan 

Statpg. 

(117) Messrs. The Burma 
M%b, Ltd 

lion . 

P. L. 

640 

12<h Febru¬ 
ary 1917. 

Do, 

Do. . 

(118) Do. . , 

Do. 

P. L 

2,360 

14th March 
1917. 

Do. 

Do. . 

(llO) Do. . ' 

Coal • 

P L 

3,200 

17th March 
1917. 

Do. 

Do. . 

(120) Do.. 

Do. 

p. 

2,560 

14tii March 
1917. 

Do, 

Do. . 

(121) Messrs. The Mulio- 
ehaung Exp'oratlon 
Co., Ltd. 

Gold, silvei, non 
and zmc. 

r. L, 
(renewal). 

3,-200 

8th Aptill9l7 

Do. 

Faliokkn . 

(122) Messrs. The Ilrllish 
Burma 1‘etroleum Co., 
Ltd. 

Mineral oil 

' P. L. 

1 

1 

261 A 
614 40 

19th Deeem- 
ber 1916. 

Do. 

Do, 

(123, Do, 

Do. 

P. L. 
(renewal). 

76 80 

A 

371 20 

14th Novem- 
bci 1916. 

Do. 

Do. . 

(124) Messrs The Nath 
iltngh Oil Co., Ltd. 

Do, 

P. L. 
(teuewal). 

1,020 

12th January 
1917. 

Do. 

Do. . 

(125) Mjwars The Indo- 
Burma l*otroleam Co., 
Ltd. 

Bo, 

' P. L. 

300 East of 
Blocks Nos. 
18, 19 and 
20 In the 
Yenan^jat 
on Field. 

0th Septem¬ 
ber 1917. 

Do, 

A Do. 

(126) Messrs. The Nath 
Bingli OU Co., Ltd. 

Do. 

, P. L. . 

1 (renewal). 

12,300-4 

2eth April 
1917. 

2 years. 

Do. 

(127) Messrs. The Brlthh 
Burma Petroloam Co., 
Ltd. 

Do, . 

! P L. 

1 (renewal}. 

610 

16tta August 
1017. 

Do 

Do. 

tl28) Meears, The Ran¬ 
goon Oil Co., Ltd. 

Do. 

P. L. 

^ (renewal), 

320 

Do. 

Do. 

I’ronw 

(120) Maung Oyl. 

Do 

' P. L. 

1' 

249-6 

25th January 
1917. 

1 year. 


F. L w Pmvtt^utg Liteme M I Letitt< 
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BURMA—conf(i. 


TnmtcT. 

Grantee, 

Mineral. 


Nature of 
graut. 

Area 

In acres. 

Date of 
commente- 
meot. 

Term. 

Prome 

(130) Messrs. The Bur- 
mah Oil Ltd. 

Mlnc'rnl oil 

■ 

P. L. 
(renewal). 

3,200 

7tb June 1917 

1 year. 

Itnby Mines 

(131) Ma Sbwe Bwin . 

Copper 

• 

P. L. 

640 

25tb April 
1917. 

Do. 

Sftlwecn 

(132) Messrs. Steel Bros. 
& Co., Ltd. 

All minerals 
cept oii). 

(OX" 

P. L. 

3,840 

5th Decern* 
her 1917. 

Do, 

Sbwebo 

(1.3.3) Messrs. Tho Indo- 
Buriua Petroleum Co., 
ltd. 

Mineral oil . 

« 

P, L. 

1,280 

9tli January 
1917. 

Dft. 

Do. 

(184) Do. . 

• 

Do, 

• 

P, L. 

3,424 

23rd Feb¬ 
ruary 1917. 

Do. 

S'outhern 

8han 

States. 

{13(») Manng Law Pan . 

Lead, copper 
silver. 

and 

M. L. 

2,080 

l.st July 1916 

10 years.. 

Do. 

(186) Maiing Ye . 

Wolfram . 


P. L. 

140 

7tli J.anuary 
1917. 

1 year, 

Do. 

(1.37) Mtsssrs. Bachardass 
Manekcliand Kharwat. 

J>ead . 

" 

P. L. 

2, .300 

10th Peb- 
niary 1917. 

Do 

Do. 

(138) Maong Tlnya 

Wolfram . 


P. L. 

22%7.3 

5th April 

1917. 

Do. 

Do 

(139) The Hon’ble Mr.* 
Lim Chin 'fsong. 

All minerals 
ce.pt oil). 

(cx- 

P. L. 
(renewal). 

106 

21 Kb Novem¬ 
ber 1916. 

Dc 

Do. 

(140) Messrs. Steel Bros. 
& Co., Ltd. 

Do. 


P. L. 

- 

3.680 

17tt( Sep- 

tomljcr 1917. 

Do. 

Do. 

(141) Do. . 

Do. 


P. L. 

2,501) 

41h Scpte.in- 
ber 1017. 

Du. 

Do. . 

(142) Ko L.aw Pan 

Wolfram . 


P. L. 

64 

17tli August 
1917. 

Do. 

Do. 

(143) Maung San ITein 

All minerals 
cept oil). 

(ex- 

P. L. . i 

1 

1 

1 

100 

4th Septem- 
Iwrion. 

Do. 

Do. 

V 

(144) Messrs. Bccliardass 
Maneckch.and Kharwar. 

Wolfram , 

. i 

i 

1 

P. L. . 1 

i 

2,355-20 

13th Septem¬ 
ber 1917. 

Do- 

Do. 

(146) Maung Kya Ywrt, 
A.T,M. 

All minerals (ex* 
ei;pt oil), 1 

P. L. . 

1 

1 

640 

12th Septem¬ 
ber 1917.. 

Do. 

Do. 

(146) Saw Lein Lee 

Do. 

i 

P. L. . 1 
(renewal), | 

599 

30th May 

1917. 

Do, 

Do. 

(147) Bathoua 

Gold . 


i..L. .1 

3,200 

27th Decem¬ 
ber 1917. 

DCh 

Do. 

(148) Do. 

Do. 

i 

P. L. 

1,440 

Do. 

Do. 

Do. 

(149) Do. 

Do, . 

• 

P. L. 

, 4,920 

Do, 

Do. 

Do. 

(150) Maung Par Aung . 

All niinorals (ex- 
ceiit oil). 

P. L. 

04<.) 

28th Deeom- 
ber 1917. 

Do. 

Do. 

(161) Sludn Thwo 

Do. . 

• 

P. L. 

960 

27th Novem¬ 
ber 1917, 

Do. 


P, Liceme. M. Ifaef. 
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A ' ' , s' ' ' 

’Ottuitee. 

UfaietaL 

M ' / 

Mature of 
grant. 

AMS' 

inaom. 

DatSirf 

Qommeuee- 

meut. 


0 '*, 

■ Bhf>n. ■, ', 

' Bmrt;;. 

Itfftung Po Kb 

All minerai". (ex¬ 
cept oil). 

P. I. . 

2,560 

21st Koveu* 
her 1917. 

1 year. 

lEnTivy 

(1B3> Messrs. ’ Xho 
- ■ Hpaongdav ProijpSct- 
fog Oo„ Did. 

Do. 

P. L. . 

2,688 , 

8rd January 
1917. 

6 months. 

PO.' V 

(154) Mr. H. a. Mathetra 

Do 

P. L. 

' 829 

14th Feb¬ 
ruary 1917. 

Do 

Do., • . 

(165) Messrs. Hltakari 

A Co. 

Do, 

P. t. 

512 

27th January 
1917. 

Do. 

Do- .- 

(156) Mr. A. E. Wallen- 
iKsrg. 

Do. . 

P. L, 

1,600 

iiltb Mateh 
1917. 

Do. 

Do, 

(157) A. S. Mahomed- 

Do. 

P, D. 

368. 

5th February 
1917. 

Do. 

Do. 

(168) Mr. James T. Milne 

Do. 

P. D, 

813 

2nd January 
1917, 

3 months. 

Do. ^ 

(169) Bli. A. 0. Praser 

Do. 

P. L. 

922 

22Bd Jan¬ 
uary 1017. 

6 months. 

■■if. 

Do. 

(100) Messra. Lini Kim 
Seng Drew. A Co. 

Do. 

P L. 

922 

4th January 
1917; 

' Do. 

Do. 

(101) Eu Shwo Swai . 

Do. 

P. L. 

578 

22n(l March 
1917. 

Do. 

Do. 

(162) Maong Sein Katng 

Do. 

P. I.. 

640 

8th January 
1917. 

Do. 

Do. 

(163) Maung Ba Don , 

Do. 

P. L. 

640 

18th Jan- 
nary 1917, 

Do. 

Do. ., 

(164) Ku Shwe Bwal . 

Do. 

P. L. 

640 

ISth MarMi 
1917. 

Do. 

Do. ; 

^(165) Maimg Ba Maung 

Do. 

P. L. 

1,306 

25th Jan¬ 
uary 1917. 

Do. 

DO. 

(106) Mating Saw Hlalng 

Do. 

P. T.. 

548. 

2nd January' 
1917. 

Do. 

Do. . 

(167) Nctram Banibnx 

Do, 

P. T.. 

240 

4tb January 
1917. 

j Do, 

1 

'Do/ 

(168) Mating Saw BlaJng 

Do. 

} 

io. , . 

P. L. 

1,144 

2nd January 
1917. 

1 Do. 

) 


(169) Mating Po Swe . 

P. E. 

981 

22»d Jan¬ 
uary 1917. 

1 Do, 

; 1)0; '. 

(170) Wniing E Zin 

iPo. 


435 

16th Pel)- 
ruary 1917. 

Do. 

Do. . 

(17% Do. . 

Do. 

m 

640 

Do. 

Do, 

1 

Do. 

(172) Messrs. The Iflgh 
Speed Steel Alloys, 
'lAd. 

Do, 


2o6 

24th March 
1917. 

i 

’ Do. 

1 

Do. . 

(173) Maung B« Maung 

Do. 

1 P. L. 

1,920 

Do. 

, Do. 


P. 'L,-»Pmpeclina License, M. fitose, 
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diUrtov. 

• 

’ 

Grantee. 

, S‘ 

Mineral. 


■ 

Katnieot 

great. 

Area 

hiMweB. 

Dateot 

oommenoe* 

ment. 

\ 

Tcitm. 

Tavoy 

(174) Dim Kng Cheoog 

All niinerals 
('Cpt oW). 

(ex- 

P. L. 

671 

22nil Peb- 
runry 1917. 

6 montte. 

Do. 

(176) Maong Seta Thwo 

Do. 


P. L. 

6S» 

10th Feb¬ 
ruary 1917. , 

Do( 

Do. 

(176) Maung Khine 

Do. 


P, L. 

809 

24th Feb* 
Tuojy 1917. 

, Do. 

Do. 

(177) Manng Nl . 

, Do. 

• 

P. L, 

640 

17th Mnrcli 
1917, 

Do. 

Do. . 

(178) Mr. U, C. N. Twite 

Do. 


P. L. 

460 

22n(l March 
1917. 

Do. 

Do. . 

<17D) Mr, A. D. Brown . 

Do. 


P. L. 

180 

8tli March 
1917. 

Do. 

Do. 

(180) Ma Thaw . 

Do. 


P. L. 

663 

5th . Alareh 
1917. 

Do. 

Do. 

(181) Mr. S. Crawnhaw .' 

Do. 


P. L, 

640 

27th ATar(9i 
1917. 

Do. , 

Do. 

(182) Ma Mo Thu 

Do. 


P. L. 

973 

12th Alarch 
1917. 

Do. 

Do. 

(183) Maung Gnn 

Do. 


P. L. 

768 

.3rd Alaroh 
1017. 

Do, 

Do. 

(184) Maung Shwc Gaing 

Do. 


r. L. 

512 

23rd Aiaruh 
1917. 

Do, 

To. 

(186) Ala Afya Ytn 

Do. 


p. 1. 

1,075 

26th Afarch 
1917. 

Do. 

Do. 

(18(1) Alauiig Vo Hnan . 

im. 


P. L. 

640 

Do. . 

Do. 

Do. 

(187) Mr. 8, Merioan . 

Do. 


P. L, 

612 

22iid March 
1917. 

Do. 

Do. . 

(188) A«(’wir». StPOl Broe. 
A' Go., I.tfl. 

Do, 


P. L. 
(renewal). 

040 

16th Kovem- 
her 1016. 

Do. 

Do. . 

(160) Ma Chpln . 

Do. 


V. L. 
(renewal). 

808 

8th Kovern- 
tier 1916. 

Do. 

Do. 

(100) Mniini; \i To . 

Do. 


P. L. 
(renewal). 

1,375 

22nd Decem¬ 
ber 1916. 

. Din 

Do. .' 

(101) -('Bung Kyaw 

Do. 


V. 1.. 
(leiifwol). 

435* 

■ 

19th Hovem- 
l)er 1016 

Do. 

Do. 

(192) Jlnhomoil Aslain 
Khan. 

Do, 


P. I,, 
(renewal). 

],,)36 

loth Deceiii- 
ber 1916. 

Do. 

•jy 

Do. . 

(193) Khoo Zun Ni . 

Do. 


P. L. 
(renewal). 

n,280 

7th Difwn- 
her 1916. 

Do. 

Do. 

(10') The irnn'blc Air. 
Urn Chin Tsong. 

Do. 


P. T.. 
(renewal). 

770 

eito. :. 

Do. 

Do, . 

jf 

(195) Do. . 

Do. 


P. 1. 
(renewal). 

2-22 

Do. . 

Do. 

TO. . 

(196) Cng Hoe Tiyiu 

Do. 


P. I., 
(renewal). 

179 

13th Decem¬ 
ber 1016. 

Do. 


P. L.'*Pro»;»M««p Zicetm. M. L.^MinUiff Itttse, 
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Haidm ; Minfral ProducUont 19X7 .. 

BURMA 


. XtieuaoT. 

Orantee. . 

Mineral. > 

Hatuto ol 
grant. 

Area 

inaorw. 

Dateot 

commence* 

meat. 

lUrn. 

T&W 


(197) Mr. A. a. Mahomed 

■ 

AU minerals (ex* 
cept oil). ^ 

P, L. 
(renewal). 

1,894 

12th Decem¬ 
ber 1916. 

1 

1 6 moutbi, 

i 

' 

• 

(108) Sau aine Tin 

Do. 

P. L. '. 
(tenowal). 

107 

16th Decem¬ 
ber 1916. 

1 Do. 

•JDO. 

4 

(199) Mr. a. a. Halkor 

Do. 

P. L. 
(renewal). 

1,587 

1st January 
1917. 

DO. 

»0. 

• * 

(200) Messra. Tata Sons 
& Co. 

Do. 

P. L. * 
(renewal). 

1,060 

Sth January 
1917. 

Do. 

Do, 

* 

(201) Do. . • . 

Do. 

P. L. 
(renewal). 

780 

0th Decem¬ 
ber 1916. 

Do. 

Do. 

• 

(202) Mr. A, E. Walleu- 
berg. 

Do. 

P. L. ' 
(iciicwal). 

720 

20th Novem¬ 
ber 1016. 

Do. 

Do. 

• 

(203) Mcs!<rs. Steel Bros. 
<2 Co„ Ltd. 

Do. 

P. L. 
(renewal). 

1,818 

sath Decem¬ 
ber 1910. 

3 montbt. 

Do. 

• 

(204) M. A. Soortttce . 

Do. 

P. L. 
(renewal). 

009 

ntli Jan¬ 
uary 1917, 

,1 year. 

F- 

Do. 

• 

(206) D . . 

Do. 

r. L. 

(rene wal)- 

040 

lit Fob- 

riuity 1917. 

Do. 

Do. 

• 

(200) JMaong lij a Pe . 

Do. 

r. L. 
(renewal). 

ns? 

36th Dceem- 
l>er 1916. 

6 montlis. 

Do. 

• 

(207) Ong Hoe Kyin . 

Do. 

r. L. 
(renewal). 

G05 

4th January 
1917. 

2 months. 

Do. 

• 

(208) Qiiah Oujng (.iwau 

Do. 

P. L. 
(renewal). 

640 

9th January 
1917, 

1 year. 

Do. 

• 

(209) Mes<tr». Balthmar 
nnd Soiiii. 

Do. 

P. T.. 
(renewal). 

89G 

22 u(l Decem¬ 
ber 1916. 

6 months. 

Do. 


(210) (limn Kin Way . 

Do. 

P. I. 

(ri iicwal). 

256 

Sth January 
1017. 

Do. 

Do. 

• 

(211) San Sine Tm 

DoT 

P. T.. 
(renewal). 

911 

Otb Pebmary 
1917. 

Do. 

Ik. ■ 

■ 

(212) Clian Kin Way , 

. 

Do. 

P. L. 
(renewal). 

.171 

20th .. Jan¬ 
uary 1917. 

1 year. 

,1k. 

• 

(213) Kho Znn Nee . 

Do. 

P. 1.. 
(renewal). 

014 

28tii Jan* 
Mary 1917. 

Do. 

Do.. 

a 

(214) Messrs. Tho Tavoy 
C^oncossioua, Ltd. 

po. 

P. L, 
(renewal). 

500 

18tlk Jan¬ 
uary 1917. 

6 months. 

Do; 

4 

(216) Manng Min Oyaw 

, 

ito. 

P. L. 
(renewal). 

1,182 

Sth Pebruarjt 
1917, 

Do. 

Do. 

« 

(216) Maung Po HUu ; 

Do. 

P. L. 
(renewal). 

988 

9th , March 
1917, 

Do. 

Do. 

■ • 

(217) Dag Kyi Pe 

Do. 

P. L. 
(renewal). 

270 

I5th Septem¬ 
ber 1916, 

Do, 

Do. 

« 

(318) Mr. (1. Marks . 

Do. 

P, L. 
(renewal). 

476 

26th Feb¬ 
ruary 1917. 

1 year. 


D 2 


P. li.’^Pnapeetinif Licenae. M. h.=Mininif Lease. 
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BtTRMA— 


urntuoL 

'PiaBtee. 

• 0 

Miooral. 

Ratoreof 
grant. . 

r ' , 

Am 

Inaom. 

/.'Dateixl 

oommenoe* 

■ibwit.. 

Term. 

Tavoy 

Mr, A. Rowland 
D. Ady. 

All minerals (ex¬ 
cept oil). 

P, L. 

■ 1,280 ' 

2Stdfi 

1917., . . 

•l,y^, 

* », * 1 ' ' 

Do. 

(220) Afaung Ml; . 

« 

Do. 

P. L. 

614 

Stti Jnne 1017 


Po. 

(221) Manng Paw Tan . 

Do. 

P. L. 

947 

lOfch April 
1017. 

, Pif.,..’' 

Po. ; 

V 

(222) MeastB. Thft Rom- 
bay Parma Trading 
Coqiu., Ltd. 

4)0. 

V. L. 

708 

10th April 
1917. 

Do. , 

. - • 1 
i ^ ' t , 

^0* « 

(223) Mnsars. Poucar & 
Co., Ltd, 

Do. 

P. L. 

112 

irtli May. 
1917. 

Do, . 

Po. 

(224) Maimg Ra Thaung 
Bron. & Co. 

Do. 

P. T,. 

1,280 

22nd May 
1917, 

Db,' 

Po. 

(226) Mavng Paw Tun . 

Do. 

P. L. 

343 

14tli •Tune 
1017. 

IW, 

Do. 

(226) Messrs. Finlay, 
Fleming A; Co. 

Po. 

P. L. 

■ 276 

10th May 
1917. 

Do, 

Do. . 

(22") Menng Kya Pe, 
Maung In Cliaw and 
Ma Kin. 

Do. 

P. L. 

282 

22nd 'Jane 
1917. 

1 year. 

Po . 

(228) Maung Saw filaing 

' Do. 

r. L. 

179 

17th Way 
1917. 

Do. 

. Do. . 

(222) Mr. H. G. Matbews 

Do, 

P. L. 

71 

13th }mia 
1917. 

V Do* 

Po. 

(230) Mr. A. Rowland 
Ady. 

Do. 

P, L. 

184 

11th June 
1917. 

Do. 

Do. 

(231) Ma Unit . 

Do. 

P. L. 

601 

14tU June 
1917, 

DO, , 

Po. 

(232) Mr. Ung Kyi Po . 

Po. 

P. L. 

205 

Ifith Juno 
1917. 

Do. . 

Do. . 

(233) Manng Fe Ya 

Do, 

P. L. 

484 

3l8t May - 
1017.- 

DO, 

Po. 

(234) Maung Shwv Vin . 

' Do. 

P. L, 

240 

19th Juno 
1017. 

Dp. 

Do. . 

(236) Ma Kni 

Do. 

P. h. 

800 

Do. " 

Onaeutibi^ 

DOi « 

(236)’Mr. S, Crawshaw . 

Po. 

P. L. 

527 

1st June. 
1917. 

1 

Do. 

(237) Maung Tiin fifya . 

Po. 

P. L. 

282 

15th ' June 
1917. 


Do 

(288) Mr. Howland H. 
Ady. 

Po. 

P. L. 

688 

28th June 
1917..'' ■ 


Do. 

(239) Measia. the Digh 
Sneed Stcoi Alloy" 
Ltd. 

Po. 

P.T.. 

61 

27th ifuoe 
1917. ■; 

't'Do,'’' 

Do. . 

. (2.40) ji!eM»a, Fliitey 

PlemlBg & Co. 

Do. . 

P. L. ' . 

1^434 

22ud June 
■ '1917. 

Do, 


P, h,mPn)«peetiTtg lieense. W. ime. 
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91 


D18XB10!I|^ 

' ■ ^ '^jttknteo. 

Mineral. 

Nature ot 
grant. 

Are* 
in aeip. . 

. DAtaot 
ociminoaee* 

- meat. 

Term. 

v' -J ■■'% ■, M., . 

imt ./ (♦' 

f?4t)Jar. iOioo Tun 
■ ,.Byftn. 

AD mIncraLs (oil*, 
copt oil). 

P. L, 

148 

ISth dune 
1917, 

1 year. 

, '©V' ; 'i 

i(a4S>M4mag Than anU 

DO. 

P. L. , 

580 

29tli Juno 
1917. 

Do. 

* •, 1 *• ' 

.;]Ha Theift. 






(^> air. A. K. Walleu- 
borg. 

Do. 

P. L. 

320 

28tU June 
1917. 

Do. 

. ') 

(31i> aianng Lot) Diu . 

Do. 

p: L, 
(renewal), 

947 

, 6th. Beptem- 
bffl 1916. . 

. Do. 

; Dfr* 

{jl46) Messrs. Hossaiu 
l]riimailauei.‘., Ko»vLiwi<J 

Do. 

P. L. 
(renewal). 

765 

6tK Deeeih*- 
ber 1016. 

; ,Do/ 


Ady and 11. S. Giles. 






' Do- . 

(24C) Jlcssra. The Bom¬ 
bay Burma Trading 

Do. 

P. L, 
(renewal). 

1,000 

7th, Dcceni* 
ber 1916. , 

6 months. 


CflipornHon, Ltd. 






; Do. 

(247) Mauiig Kya P«, 
aiming Lii (’haw aaid 

Do. 

P. L. 
(rcnewnl). 

858 

9t.h' Decem¬ 
ber 1910. 

1 year. 


Ma Sin. 






Do. 

(248) Eu Eya Ban and 
Mr. A. G. Eraser. 

Do. 

P. L. 
(reneft'al). 

584 

20th Decem¬ 
ber 1916. 

6 months. 

Do. . 

(249) Measts. The Lou¬ 
don and Burmese 

Do. 

P. L. 
(rcncwrtl). 

2,409 

1 12th Jan¬ 
uary 1917. 

1 yoor. 

1 

SVolfraiii Co. (Irana- ! 






! 

ferrod from Mesars. 
Turnbulls (Glasgow), 







Ltd.) 


i 




' r 

Do. 

(250) Mcbsm. Steel Ilroe. 

(& Co.j Titdf 

Do. 

P. L. 
(renewal). 

716 

1 

1 

Jat February 
1017. 

Do. 

Do, 

(251) Alessrs. Booth & 
Milne. 

Du. 

P. L. 
(imiewal). 

405 

14th Feb- 
ruary 1917. 

Do. 

Do; ■. 

. (252) Aluun? Seiu Daiflg 
Bros. A Co. 

Do. 

P. L. 
(renewal). 

276 

23rd Eob- 
ruory 1917. 

. Do. 

I]N^ r ^ » 

(258) Do. . 

Do, 

P. L. 
(renewal). 

717 

Do. 

Do. 

,'Dov 

y '• rf.'\ 

(254) San Bine Tin 

Do. 

P. L. 
(renewal). 

400 

16th Decom- 
lier 1916 

8 months. 


. (255) Maung Sdu Thwe- 
y 

‘.Do. 

P. b. 
(renewal), 

250 

0th April! 
1017, • i 

Do, 

: Ite. 

(268) C.> Gyaw Saing . 

:Do. 

P. L, . 
(renewal). 

I 1,106 

1 

1 

22nd Feb¬ 
ruary 1917. 

Do, 


(267) Maimg Sdu Dalng 

po. 

P. L. 
(renewal). 

1 700 

! 

28rd March 
•917. 

1 year. 

'Do.:'"'. 

(258) Ong Hoe Eyin . 

.Do. 

P. L. 
(renewal). 

605 

4th April 

1917. 

6 months. 

■ Do.', .. 

(259) Maung Ba Don , 

Do. 

P. L. 
(reuowal). 

829 

Do. 

Do. 

Do. 

(260) .’Do. . 

1 ) '■ 

Do. 

P. L. 
(renewal). 

282 

11th May 
1917, 

Do. 


P, h.t^J^»p(ctinff License. M« L.=A/iwtW IMH, 
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BCSMA-Wi. ■ ' 


Vnemm. 

Gratitoo. 

Mineral. 

Mature of 
grant. 

Area ‘ 
in acres. 

' Date of 
conunenoe- 
inent. 

Term. 

•A 

Wwoy 

• 

1 

i (261) Mr. Mahomed 

Astern JChau. 

All minerals ((‘K* 
cept oil). 

P. L. 
(remjwal). 

302 

24Ui March 
1017. 

'1 yeati 

Po. 

♦ 

(263) Mr. Khoo Tun 
Dyan. 

Do- 

P. L. 
(renewal). 

822 

21st March 
19.17. 

Do.', 

Do. 

* 

(268) Ikir. M. A. Sooratee 

Do. 

P. L. 
(renewal). 

1,024 

4th May 

1017. 

DO., 

Do. 

• 

(264) Mr. OsDuui. Must) 
Khan. 

Do. 

P. L. 
(renewal). 

2,278 

12th April 
1017, 

6 months^ 

Do. 

• 

(205) Maung Ba Thaimg 
Bros. & Co. 

Do. 

P. L. 
(renewal). 

737 

23rd March 
1017. 

1 year. 

Do. 

t 

(266) Mr. C. Soo Don . 

Do. 

P. I.. 
(renewal). 

604 

23rd April 
1017. 

Do. 

Do. 

• 

(267) Mr. A. D. Brown . 

Do. 

P. L. 

(renewal). 

660 

5th April 

1917. 

Do. 

Do. 

• 

(266) Mr. A. S. Minos . 

Do. 

P. L. 
(renewal). 

768 

27tli April 
1917. 

0 months. 

Do. 

• 

(260) Mr. Chew Lu Yin 

Do. 

P. L. 
(renewal). 

870 

4th, May 

19i7. 

Do. 

Do. 

■ 

(270) Mating Po Utln . 

Do. , 

P. L. 
(renewal). 

400 

4th April 

1917. 

1 year. 

Do. 

• 

{271)MaungNi . 

Do, 

3*. L. 
(cnewal). 

1,017 

11th March 
1917. 

6 months. 

Do. 

• 

(272) Mcssra. Gillandcts 
Arbulhnot & Go. 

Do. 

I. I.. 
(renewal). 

760 

25th Novora- 
ber. 1910. 

1 year. 

Do. 


(273) Mr. B. C. N. Twite 

Do. 

P. L. 
(renewal). 

625 

14Wi May 
1917. 

6 mouths. 

Do. 

« 

(274) The Shwe Zun . 

Do. 

P. L. 
(renewal). 

512 

20th May 

1917. 

Do. 

Do. 

• 

(276) Ong Hoo Kyin / 

Do. 

P.L. 

(renewal). 

610 

29th May 

1917. 

1 year. 

Do. 

• 

(276) A. S. Midioiiied , 

Do. 

V. L. 
(nmcvial). 

l,8l»4 

]2t>li dune 
1917. 

Do. 

Do. 

■ 

(277) Messrs. Tlio Ban- 
goon Mining Co., Ltd. 

WoKram and tin , 

M. 1., 

.3,209-8(1 

4tli October 
1913. 

30 years. 

I'o. 

0 

(276) Messrs. The 

Wagon-Paehaung Wol- 
tram Mines, Ltd. 

Do. 

M. L. 

1,763-10 
at Wagon. 

20tli July 
1914. 

Do, 

• Do. 

• 

(270) Messrs. The Her- 
myingyi Mining Co., 
Ltd. 

All lulnernls cx- 
cupt oil and pie* 
clous stones. 

M. 1, 

l,782-85 

17th DeCem* 
her 1918. 

Do, 

Do. 


(280) aiessis. Tin; Tavoy 
Concessions, 

Do. 

M. T.. 

760-94 

at Thhigaudon. 

Do. 

Do. 

Do. 

• 

(281) Do., . 

Do. 

M. L. . 

ftW'22 
at Kadwe. 

Do. 

Dct. 


I’. L,-^Protpeetinff JWwkk. M. L.~~Afininff leate. 
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Hatden : Mineral Produottatif 1917 . 
BURMA—con&l. 


DIBIBIOT. 

i‘ 0 

Gttoitee. 

MbiCiaL 

Ratweof 

gtaat. 

Area 

InoaUa. 

1W 

Tom. 

T«kVoy . 

(282) Messrs. Thu 

W agoU'Pacbaung Wol- 

i 

WoUram and tiji. | 

M. L. 

2,162*S8‘ 
at Pachanng. 

5th Septem¬ 
ber 1914. 

30 yeais^ 


fram Mines, Ltd. 






Do^ 

(283) Mwsrs. RadoliU' 
tfe Co., Ltd. 

All inlneruls cx- 
cojit oil and 

M. L. 

4,8.13-79 

'.loth Decem¬ 
ber 1913. 

Do. 


precious stones. 





Do,, ' . 

(284) Messrs. Tlw Tavoy 
Concessions, Ltd. 

Do. . 

M. L. 

1,002-86 
at Ralonta. 

IBtli Jan¬ 
uary 1917. 

Do. 

ro. 

(285) Do. . 

Do. . ' 

M. L. 

616-72 
at Byauk- 

19th J.an- 
nary 1917. 

, Do, 





ohuuiig. 

' 


Do. 

(286) Ml. Quail flieng 

WoUrain and tin 

M. L. 

J 99-69 

16th June 
191.5, 

Do. 

Onan. 





Do. 

(287) Oosnitui Musti 

Ail niinerals (es- 

1*. L, 

747 

10th Avgust 
1917. 

6 mouths. 

Khan. 

eopl oil). 




Do. 

(288) .Mr. waiison . 

Do. 

P. L. 

26 

let August 
1917. 

X year. 


(286) Qnuli Clieiig Cwan 

1)0. 

1*. L. 

1.093 

3rd Septem- 

Do, 

Do. 

her 1917. 



(290) Messis. I'lnlny 

Do. 

P. L. 

287 • 

30th Jidy 

6 mouths. 

Do. 

1917. 


Flcniuig (2 to. 

(201) Maung Po fiywo . 

Do. 


604 

6th August 

1 year. 


Do. 


1917. 

Do. 

(292) Qiiah Olieng Took 

Do. 

P.L. 

2,170 

10th July 
1917. 

Do. 


(293) Do. 

Do. 

P 1. * 

988 

3rd Septem* 

Do. 

Do. 


ber 1917. 



(294) SeinlondannR 

Do. 

P, L. 

002 

17th Septem- 

Do. 

Do. 

ber 1917. 



Mining Co. 







(295) Mr. A. R. H. .4dy 

Do. 

V. L. 

460 

8th August 

Do. 

Do. 


1917 



« 

(296) MaimK Maung 

Do. 

P. L. 

ffla 

26th Septem- 

Do. 

Do. 


Iwr 1917, 


Do. 

(297) AIttuug Po Oywe . 

Do, 

P. L, 

297 

Do. 

DO. 


(208) Maung Lu Pc and 
Mr. A. ti. Fraser. 

Do. 

P. L. 
(renewal). 

780 

Btb Deemn- 

6 monthsu 

X)9« * 

t 

ber 1916. 

Do. 

(299) Messrs. Steel Bros. 
& Co., Ltd. 

Do. 

P. L. 
(renewal). 

589 

16th May 

1917. 

1 year 


(300) L'ng Kju Ve 

Do. 

P, (,. 
(renewal). 

614 

I7th May 

Do. 

Do. . 

j.91'/. 


Do. 

(301) Messrs, The Bom- 
l»ay*Bwmjn 'Trading 

Do. 

P.L. 

(renewal). 

1,459' 

18th May 
1917. 

6 mimtlb. 


Coi^tatiOD, Ltd. 

\ 





Do, 

(:!02) Do. . 

‘ Do, 

?. L. ^ 
(njucwai)* 

047 

Do. 

Dn 


P. L.-^Pfotpectirig Lie^ice. M. li-~ Mining Ltatt, 
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1 

DiflTBlOI. 1 

1 

1 

Grantee. 

Mineral. 

) 

1 

I 

jNAtflro ot 
grant. 

Area 

HiarreB. 

Dateol 

cotnmeaceh 

moot. 

Term. 

f 

T&voy 

(103) Mttong Kya Tun . 

1 

AH ininerab (ex- * 
pept oil). 1 

P.l. ! 

(renewal). ] 

307 

2Qili 

1917, 

May 

ft months. 

Do. 

(301) Voung Do'Wye 

Do. 

.1 

P.I.. 

(renewal). 

836 

M 

1917. 

Juno 

1 year. 

Dl^ 

(303) MossiS. Tata Soi» 
it, Cu. 

Do, 

• , 

P,L. 

(teneaol). 

292 

6tli 

1917. 

June 

DO. 

Do. . ' 

) 

(SOO) Mahomed Auloui 
Khan. 

Do. 

• 

1*. I. 

(renewal). 

1,636 

16th 

1917. 

Juno 


Do. . 1 

1 

(307) .Mnmji? Mo . 

Do. 

a 

1>. L 

(renewal). 

1.280 

22nd 

1917. 

Juno 

1 yoar,' 

Do 

pUW) Khoo SSuu Mee , 

Do. 

• 

P. L 

(renewal). 

730 

71 h 
1917. 

Juno 

Do, 

J>0. 

(300) Maiinf! Saw IDalng 

Do. 


P. L, 
(renew.al) 

1,280 

21st 

1917. 

Juno 

6 months. 

Do • 

(810) Do. 

Do. 


r.L. 

(renew)) 

548 

2nd 

1917. 

July 

Do, 

Do. , 

(311) Our Hot Kvin 

. Do. 

• 

1' 1 

(renewal). 

170 

lAtli 

1017. 

June 

1 year. 

Do. 

(312) Oinpat Hat 

Do. 


r L 

(renewal). 

884 

loth 

1917. 

June 

6 months. 

Du. • 

(313) Mr, J'owlc . 

Do. 

■ 

V L. 
(renewal). 

320 

18th 

1017. 

Juno 

Do. 

Do. 

(314) The "Rjph Speed 
Steel Alloys, Ltd 

Do. 

t 

P, L. 
(renewal). 

1,433 

Do. 

% 

Do. 

Do. 

(313) Kbuu Tun Dyan . 

Do. 

« 

P. L. 
(renewal). 

148 

30th 

1017. 

May 

Do. 

Do. 

(316) Mr. A B. 'WalJen- 
IXTR 

1 

Do. 

4 

V L 

(renewal). 

720 

20th 

1917. 

May 

Do. 

Do. 

(317) Chan Kin Way . 

Do. 

• 

r. L. 
(renewal). 

256 

8th 

1017. 

.fuly 

1 yfar. 

Do, 

(.818) KelMB) Aambut . 

Do. 

« 

P. L 

(renewal). 

240 

4th 

1917. 

July 

6 months. 

Do. 

(819) Messrs The Dom. 
bay-B\wtna Traduip 
CoiporaDnii, 14d. 

Do. 

* 

1 . L. 
(renewal). 

1,000 

7th 

1017. 

Jnho 

l year. 

Do. 

(330)MoYmBi . 

Do. 

9 

! P. I.. 

' (renewal). 

640 

' 20th Kovem* 

1 bet 1916. 

Do. 

Do. 

(831) Mr. ritaheibcTt . 

Do. 

« 

P. L. 
(remwal) 

218 

24th Fehrn- 
1 wv 1617. 

ft month*. 

Do. 

' (822) Bn Kyn Dan * 
Mr. I’raaet. 

Do. 

• 

P. L. 
(renewal). 

581 

, 29th 
j 1917, 

June 

Do. 

Do. 

' (:!23) 'Wt. K S. Uallcer . 

Do. 

» 

P.L. 

(renewal). 

1,587 

1st 

1 1917. 

July 

3 monthfii 

156* • 

1 (334) Mwrs. Finlay 
! flonilnR A C8>, Ltd. 

1 

j Do. 

a 

r L, 

(renewal). 

446 

7tli 

1917. 

.July 

6 months. 


r. L Ltetnsr, ^F T =-Vi'jihii? L»i$e, 
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. *•' . M I ^ I ' , 

HilliEH; Minetd frpiwsiim, lOtr. 



(saC) Meters. HitaUari & 

C&« . UJ 


1)0.. 

,(327) Maraig Mys Pe j 

1 

iOAf 

(328) Maung Sein 

^ Khalng. 

, Do. * 

(S29) Maung ‘ Sc-ln 

Uhalng. 

Do. , . 

(330) Mr. A. K. H. AJy 

IV- 

i (331) Manng E. Zln 

Do. 

1 

1 (382) Mr, A. rraacr 

Do. 

i (.133) Mmmg Paw Tun . 

IV. 

1 

i (331) Manng Min (lynw 


Do. . , (385) MamiR Mo Tliu . 
Do. ' 1 (300) Mannft Khliie 

"Do. , ; (83?) Mnnng Sein ThAve 

, 'I ■ 

Do. . ,. i (338) Mi. FitrJierbcrt . 
Do. ' . (. 33 ») Mauns Shwe Gaiug 


Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

1 ) 0 . 

1 ) 0 . 

Do. 


P D. 
(renewal), 

V. X. 

{rcoowal). 

V. X. 
(renewal), 

V. L. 
(renewal). 


r. I., 

(renewal). 

P. X. 
(rencwfll). 

P. I.. 
(renewal). 

r. 1.. 

(renewal). 

P. L. 
(rcnew.al). 

P.1,. 

(renewal). 


?. L. 

(renewal). , 

P. L. . ' 
(renewal). | 

P. L. 

(renowal)^, , 

P. L. 
(renewal), 


t)*iO 

485 

922 

450 

1,182 

1,080 

809 

.089 

238 

512 


0 niontlm. 


astii Mav I Do. 

1917. I 

Noili Juno ; Do. 

;■ 1917. i 

8th July 1 Do. 

1917, 


May 

1917. 


5 th July 

1917. 

ISth .lugOat 

1917. 

22n(l Only 

1917. 

19t.h April 

1917. 


,Do. 

Do. 

3 tnontha. 
0 months. 
Do 


8tli August 1 year, 
1917. 


lltll JUPO 
1917. 

24th August 
1917. 

10th August 
1917. 

4tli Angnst 
1917. 

2:Jril Sfiptein- 
b'T 1917. 


6 months. 
Do. 

Do. 

Do. 

Do. 


1 

Do. . i 

1 

(340) MaMyaYln 

IV. 

P. L. 

1 

'■Do;. ; ' 

(341) Mr. fi. Wllllsott . 

Do 

P. T,. 


(342) San Sine THn 

no. 

P.L. 

,i 

(M8)-Mr. J. J. Page 

Do. 

P. T.. 

Do* y '. • 1 
' ' ■ • 1 

(344) The Hon’ble Mr. 

■ Llin Chin 'Dsopg. 

1)0. 

P. X. 

. ! 

IV." • . 1 

(34(1) EVa Ban 

j ' 

Do. 

P, L, 

Do. ' » 

345) Mr. A. E, H. AOy 

'A 

Do. 

P.I. 


1,039 

21st Deceni" 
1w!t 1917. 

1 yew. 

548 

22nil October 
1917. 

Ms. 

020 

7th Kovem- 
her 1917. 

Do. 

701 

19th Ootoher 
1917. , 

Do. 

320 

12th 0<!tohfir 
1917. 

IV. 

049 

2«th Deoem- 
ber 1917. > 

Do. 

512 

aaWh Kovoin- 
ber 1917,. 

0 roontlis. 


P,,'>1. L.^A/fninj l^te. 
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jitamot. 

Orantee. 

MiherAl. 

4 

Kstnie of 
grant. 

Area 
in acres. 

Date of 
oommenoe*. 
meat. 

0 

Term. 

Tavoy 

0 

• 

(847) Mau&g Me . 

All minerals (ex- 
eopt oil). 

P. b. 

358 

30th Movew- 
her m7. 

l year., 

Do. 

• 

(:J48) Mr. (4. WUlison . 

Do. 

P. L. 

317 

20th Kovem- 
bpr 1017, 

1)0. 

Do. 

• 

(jift) Jlmrs. Tata Sons 
it Co. 

Do. . 

P. L. 
(renewal). 

780 

Otb Anne 

1017. 

6 mdattu. 

Do. 

• 

(.150) Mr. A. E. Wallen¬ 
berg, 

Do. 

1‘, L. 

(renewal). 

1,422 

21st June 
1017, 

Do, 

Do. 

• 

(351) ilaiing Po Swo . 

Do. 

I'. T„ 

(renewal). 

48S 

22n(l .Tuly 
1917. 

Do. 

Do. 

• 

(352) 0. Oyaw ISaing . 

Do. 

1*. r.. 

(renewal). 

3.106 

22n(i August 
1917. 

1 year. 

Do. 

• 

(353) Maung Oun 

Do. 

1*. I- 

(renesvol). 

768 

3rd Soptcra* 
her 1917. 

6 months. 

Do. 

« 

(854) Mr, A. E. Wallen¬ 
berg. 

Do. 

V. L. 
(renewal). 

1,000 

33th Septem¬ 
ber 3917. 

Do, 

Do- 

1 

(355) Mr. E. 0. K. Twite 

Do. 

P. 1.. 
(renewal). 

460 

22ud Septem¬ 
ber 1017. 

Do. 

Do'. 

* 

(356) Alauug Ba Maung 

Do. 

P. 1. 

(renewal). 

1.920 

24th SeptOtU- 
be-r 1917. 

Do. 

Do. 

* 

(357) Messrs. The High 
Speed Steel AUoya 
Sfining Co., Ltd. 

Do. 

P. L. 
(renewal). 

256 

26tli Septem¬ 
ber 1917. 

Do. 

Do. 

• 

(353) Ma Mya Yin 

Do. 

P. 

(ru newel). 

1,07.5 

Do. 

.Do. 

Do. 

« 

(350) .Maung Po Hnau 

Do. 

C*. L. 

(renewal). 

640 

Do, 

Do. 

Do. 

■ 

(366) Llni Ey >‘0 V.au . 

Do. 

P. L. 
(renewal). 

J61-2.S 

28th Septem¬ 
ber 1017. 

1 year. 

Do. 

• 

(801) Maung Scin Thw'o 

Do. 

P. L. 
(renewal). 

256 

0th October 
1017. 

6 months 

Do. 

■ 

(362) Mr. S. S. llalkar . 

Do. 

P. i,. 

(re.nev< MA 

681 

1st October 
1917. 

Do. 

Do. 


(363) .Maung Ton Mya . 

Do. 

P. L. 

(renewal). 

m 

0th Septem¬ 
ber 1017. 

1 ypar. 

Xtiatoa 

• 

(364) Ma STyeln . 

Do. 

P. L. 

1 

608 j 

j 

End lanuary. 
1017. 

Do. ■ 

Do. 


(366) Mr. H.P. Singleton 
And Messrs. Binning 
ACo. ' 

Do. 

I>. L, . 1 

1 

512 1 

; i 

26tli Janu¬ 
ary 1917, 

Do. 

Do, 

• 

(366) Mr. J. W. Darwood 

Do, 1 . 

P. L. 

1,145'6 I 

i 

22ad , Jana- 
Aty idiT,, 

Do. 

Uo. 

• 

(367) MaUyeiu . . 

Do, 

1 

V. L. 

676 

l8th .tann- 
Ary 1917. 

Do. 


¥. l,.~Pro^>ectin9 l.keu^e. 51 . I Leanf. 
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, DrSTBfOT. 

Grantee. 

Minerai, 


Ktttnio of 
grant. 

Area 
in awes. 

Date of 
eomiDence- 
ment. 

Term. 

Thatoq 

• 

(fitf8) Hauog luo Hitt . 

All udnerttlB 
copt oil). 

(ex- 

P.L. 

1,241-6 

26ih Janu¬ 
ary 1917. 

1 year. 

Do, 

* 

(848) Maling Ba 81 

Do. 


P. L. 

601-G 

loth Febru¬ 
ary 1917. 


Do, 

■ 

(^iO) Llm Kar Ohnng . 

Do. 


P, L. 

3,238-4 

iHt Mareii 
1917, 

Do. 

Do, 


(371) Mr. A. Samed . 

Do, 


P. L. 

9-60 

Srd March 
1917. 

Do. 

Do, 

• 

(872) Li Ah Lye . 

Do. 


r, L. 
(renewal;. 

440 

18th Decem¬ 
ber 1910. 

Do. 

Do, 

* 

(873) Ma Tlujiu Zin . 

Do. 


I*. L. 
(renewal). 

3211 

14th Febru¬ 
ary 1917. 

po.. 

Do. 

« 

(374) Mr. C. H. Stork . 

Do. 


P. L. 
(renowal). 

8102 

17tli Febrtt- 
aiy 1917. 

Do, 

Do. 

■ 

(375) U Pan Dwe and 
Mtt Khin, alius Mrsaiu, 
Bah Too, 

Do. 


P, L. 
(renewal). 

2,e40-0 

10th March 
1917, 

Do. 

Do. 

• 

(374) Dr. SJmw Lo<j 

Do. 


P. L. 

1,536 

4th April 

1917. 

Do. 

Do. 

» 

(377) Ml, P. M. Pilltiy . 

Do. 


P. L. 

1,401-2 

11th April 
1017. 

Do. 

Do. 

4 

(378) Maung Pu . 



P. L. 

1,674-4 

Do. 

Do. 

Do. 

f 

(378) The Hou'ble Mr. 
Lim Chin Tsoug. 

Do. 


P. L. 

1,318-4 

22nd May 
1917. 

Do.. 

Do. 


(380) Do. » 

Do. 


P. L. 

394-8 

18th April 
1917. 

Do*. 

Do. 

• 

(381) Maung Ba Tin 

* Do. 


P. L. 

072 

20th April 
1917, 

DOj 

Do. 

f 

(382) Hr. F. A. Boog . 

Do. 


P. L. 

3,908 

25th April 
1917. 

Do- 

Do. 

• 

(383) Hr. A. D. Keith . 

Do. 


P. L. 

6,657-6 

Do. 

Do, 

Ro. 

t 

(384) The Hon’bli- Mr. 
Urn Chin Tsong. 

Do. 


P. 1. 

825-6 

15tli AiJril 
1917. 

Do. 

Do,. 

$ 

(384) Mr. F. A. Boog . 

Do. 


P.1, 

4,313-6 

Do. 

Do, 

Do, 

% 

(380) Hauug Slian Byn 

Do,. 


P. L. 

4.040 

lOlh April 
1917. 

Do. 

Do. 


(887) Mr. Tan Too . 

Do, 


P. 1. 

618-4 

5th Jnne 

1917. 

Do. 

Do. 

• 

(888) Mr. L. Hong Seng 

Do. 


P. L, 

078-4 

15th March 
1917. 

Do, 

Do. 

. 

(384) Mr, C. H. Noyce . 

' 

Do, 


P. L. 

2,981-3 

2nd May 

1917, 

Do. 

Do, 


(390) Mr. C. it, ConneU 

Do. 


P L. 

3,5136 

27th April 
1917. 

Do. 


P. Lwmc. M. f-eaw. 
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, 

: DlgXRIOS, 

. 

Orantoe. 

.. 

• Mineral. 

Sainre ol 
grant. 

Area 

Inahres. 

' 

Date of 
commenoe- 
inent. \ 

Xenn. 

trhaioB 

(301) Ml. C. B. Coniii-1 , 

All JuinoraD (ex- 
ci'Xit oil). 

■ 

P. L. 

2,444*8 

2.5th - 

1917. 

l.yeari ' 

Do. 

(.303) Xhc Don'blc Mr. 
Ditii Chin I'aong. 

Do. 

P. 1. . 

864 

19th May 
1917.U 

. Do. 

Do. 

(303) Mr. 'I'an Kim Chyc 

Do. 

P. L. 

51'2 

2ist May 
1017. 

Do.' 

Do. 

(304) Mmnig SI . 

Do. 

P. L. 

1,350-4 

10 th May 
1917. 

Do. 

Do. 

(39.)) Maong Pii . 

Do. 

P. L. 

• :)63'2 

2nth Ajiril 
1017. 

Do. 

Do« < 

(390) Mr. L. All Ciioy . 

Do, 

V. la 

503-2 

10th May 
1917. 

Do. 

\ 

Do. 

(307) Mr. Tail Kim Chye 

Do. 

r. L. 

4,064 

2Rth May 
1917. 

-Do. 

Do. 

(.30H) Mnung SI . 

Do. 

P. L. 

953-C 

24th May 
1917. 

Do. 

D*. 

(399) Mr, C. A. Meredith 

Do. < 

P. Lt 

3,305-C 

7th June 

1917. 

DOa 

Do. 

(400) Maung l^liwe Goh 

Do. 

■p. L. 

l,04S'-6 

0 Ui June 

1917. 

Do. 

Do. ' . , 

(401) Mauug Kabg 

' 

1)0. 

P. I. 
(renewal). 

678-4 

14th Pobrn- 
ary 1917. 

Do. 

< 

Do, 

(402) Mr. IT. R. Single¬ 
ton. 

Do, 

P. L. 
(renewal). 

1,657-6 

2l8t Pelflu* 

• ary 1917. 

Do, 

Do. 

(403) Mr. A. Kader 

Do. 

P. L. 
(renewal). 

490-2 

Ist Apra 
1917. 

Do. 

Do. 

(404) .Mating Pit . 

Do. 

P. L. 
(renewal). 

108-8 

7th April 

1917, 

Do. 

Do. 

(405) Mr. A. J. Salvador 

Do. 

P. L. 
(renewal). 

85D2 

Do. ■. 

: Do. 

Do. 

(400) Messrs. A. V. 
Josqih & Co. 

Do. 

P. L. 
(renewal). 

524-8 

2nd May 

1917, 

. Do. 

Do. 

(407» Mating Chit Mating 

Do, 

P. 1. 

(renewal). 

1,836-8 

11th AprU 
1917, 

Do; 

Do. 

(408) Mr. C. iSoo Don , 

Do. 

P. I, 
(renewal). 

870*8 

2iid Febru¬ 
ary 1917. 

D'6. 

Do. 

(409) Mr. C. n. Connell 

Do. 

P. 1. 

1,881*6 

, 

29th ' May 
1017. 

Do. 

Do.’ 

(410) Ko Chang Kaing . 

Do. 

P. L. 

689-6 

26tb AprU 
-1917. 

PQ. 

Do. 

(411) M, Ah Khf. 

Do. 

P. 1. 

503-2 

27fh Jane 
1917. 

- Do. 

Do. , . 

(412) Mi’, a. P. VJtcland 

Mineral oil . 

P.X, 

M0-2 

' 

14th July 
1917. 

Do. 


l*. l..siTmptdi»g Lifenke. M. Leaat. 









Past 2.] 


HAtBEK: Mineral Productions 1917, 
BURMA— 




Viamat. 

Grantee. 

MineraL 


Nature of 
grout. 

Area 

inactw. 

Date of 
commence¬ 
ment. 

— 

Term. 

Tl^tOq • 

(as) Ml. 1>. M. FUlajr. 

Mineral oil 

• 

P. L 

29-44 

20th June 
1917. 

1 year. 

Do. 

t4ia Manng Fe C4j>i , 

All minerala 
eept ofl). 

(ei- 

P. L. 

1,020 

28id July 
1917. 

Do. 

Do. 

(415) 1'. Shan Byu 

Do. 

' 

P. T.. 

2,144 

28id Maid) 
1917. 

Do. 

0O« • 

(416) Mating Tun Ula . 

Do. 


P. L. 

1,052 

24th ' May 
1017. 

Do, 

Do. . 

(417) tlaung S&n Dun . 

Do. 


1*. ‘ 

1.07O-2 

12th July 
1017. 

Do. 

Do. 

(41ii) Mr. C. A fttriedilh 

Do. 

• 

P. 1. 

2atl-'' 

27tU June 
1017 

Do. 

X)d« * 

(419) V. Fan Dae . 

Do. 


P. 1.. 

128 

20Ui June 
1917. 

Do. 

Do. 

(120) D Fo Ngwe . . 

Do. 

1 

P. L. 

2,04d 

51 h Juno 

1917. 

Do. 

Do. 

(421) Tau Kin Cltyo . 

Do. 


IM 

601-2 

Slat Angnat 
1017. 

Do. 

Do. . 

(422) Ma Pyu Pyu 

Do. 

a 

F. fi. 

1,254 1 

14ih July 
1017. 

Do, 

DO. 

(4S«) U Po Ngwo . 

Do. 

• 

1*. 1-. 
(renewal). 

729-0 

7tti Anguat 
1017. 

9 mootha 

Do. 

(424) 1) Da Wp( . 

Do 

. 1 F. L. 
(rpnetvttl). 

1,190-1 

lOih Augnat 
1917. 

1 year. 

D . 

(42a) M. A. Kadei 

Do 

• 

p. r,. 

640 

t8lh Ootohei 
1017, 

Do, 

Do . 

(426) Tho non’ble Mr. 
Llm Cbin Taoug. 

Do. 


P. L 

6,806 

17th Septein- 
Ixn 1917. 

Do, 

Do. 

(427) Maong Da SI 

1 

Do. 

• 

Pi Xl* w 

1,260-8 

7tli AugUiil 
19(7 

Do. 

Do. 

(42S) IlmTlto Nj>*m , 

Do. 

• 

P. U. 


31m( .fuly 

1917, 

Do 

1 

lo. 

(429) Mr. C. A. Meredith 

Da 

■ 

j». r. 

j 3,1741 

121 h July 
1017 

Do 

Do. 

4 

1 (420) M. nasbiin . 

\ 

Do. 

• 


* 040 

27Hi iSeptoin- 
her 1017 

!». 

Do. 

' (481) M, Ah Kbcr 

Do. 

• 

! p. 1,. 

1 (renewal). 

467 2 

t 

201 h .fitly 
1017. 

2 yean. 

Do, 

1 (482) Mutmg Pn , 

Do. 

• 

IP].. 

(lenewal) 

j 106 d 

1 

22nd tTovem- 
her 1917, 

Omontba 

Thjjftmjo. 

(4S3) MMrf-M The 

'l\viD/iaa Oil (V , l,td. 

Mnti rnl oil 


i P 1. 

1 

1 l.f’ii 

1 Hlo’lm Jill-, 
j 11, 20 and 2 i 

« 

list I)e(f 0 |. 
Ixr 1916 

1 teui 


<rt tiu' Mm)il i{ 
OjIijOl 


P. I ^r^tf/ecltny Cie*/M V I 
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Otontoo. 

j iktneraL . 

1 

Katureof 

grant. 

Area 

Inacrea. 

Date of 
commenoo- 
nuttt. 

Tam. . 

»i 

ThaytJtmyo. 

It 

(134) Mi. B. Cowasjee 

i Mlosral oil 

i 

1 

1 

1 

1 

1’. L. 

1,123-2 
Blocks 1, 2 
nnd 8 and the 
eastern halt 
of block 0 of 
tiio Mlnhla 
Oil Tleld. 

2l8t Decern* 
boi 1010. 

1 yew. 

1 

f 

Do. ' . 

<436)*MrR?rs. ThcBurim 
OU I’o., Ltd. 

Do. 

P. L. 

5,12U 
Dnsteiii ludvcB 
of blocke Noe. 
18, 26, 28 
and 39, 

w ( 1 H t p r n 
halves ol 
blocks Nas. 
19 and 3(1 
a.nd the 

•whole of 
blocks 34.29, 
3 : 5 , 34, and 
4U of the 
•Minhla Oil 
Field. 

Do, 

' 

Do. 

-Do. . 

(186) Meflfira. Thu Indo- 
Burma Potroleinn Co., 
Ltd. 

Do. 

P. L. 

2,868-9 
Blocks Nos. 

,3 and 4 es- 
cliKiine .area 
hi!l<l by the 
B. B. P. Co. 
in block No. 
d.hlodcsNos. 
Itt and 17; 
western half 
ot block 18 
and eastern 
h.all of block 
19 of the 
Miiihla Oil 
Kcld. 

Do, . 

_ 

Do. 

Do. 

(4.37) Miiuirs. TheBrittah- 
Bmuw IMroteum t’o., 
Ltd. 

Do. 

P.L. 

(renewal). 

94-72 
Block 4 of the 
Mi'ihla ()il 
Field. 

23td Docom- 
boc 1910, 

Do. 

Do. . 

(438) McMRrs. The 

Tiondon-Ranitoou 
Trading Co., Ltd, 

Do. 

P.L, 

2,SfiO 
(Blocks Nos. 
26 and 27, 
K1 of 30, Wi 
of 9, 25 uod 
28 of the 
Mintila OU 
Field. 

0th March 
1917. 

Do. 

Do. 

(439) DO, 

Do. 

1', L. 

10,240 

30th Hay 
1917. 

Do. 

Do. . 

(440) Mware. Tlic iJath 
Singh OU Co., Ltd. 

Do. . 

P.L. 

4,800 

18th October 
1017. 

Do. 

Do. 

(441) Jlce H.V. Murray 

Do. , 

r. L. 

3,200 

1.3t]i Novain. 
her 1017. 

Do. 


* 


l\ h^^PT0$P«dw$ M. lu^Mining 
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rmmot. 

[ 

1 

1 

Mineral, 

Jfataroof 

grant. 

1 

Area 
in acres. 

Date of 
commence* 
meat 

Term. 

!■ 

Uppa f)hin<l- 

wia. 

(442) Mcsarsi, Osman 

Miiste Xban & Co. 

Mineral oil 

P.l. 

3,840 

18th Dcr^m- 
hi.T 1916. 

1 year. 

Do< 

! 

(448) Messrs. Tho Indo- 
Dwma Petroleum Co., 
Ltd. 

Do. 

T. L, 
(renewal). 

12,800 

1 

i2th 8eptem- 
bi;r 1916. 

Do. 

Do. . < 

(444) Do. 

Do. 

i 

P.L. 

3,200 

24tli May 
1917. 

Do. 

yametlrin . 

(446) Messrs, licchardasa 
Mancokc hand 
Kharwar. 

Lead 

P, L. 

2,560 

i 

20th April 
1017. 

Do. 


CENTRAI. PROVINCES. 


P,a1agiiat 

* 

( 4 t(t) Daiiudiir 

TJj’r.\iuji I’estonji. 

Mnng.ancisc 

P.L. 

280 

7th February 
1917. , 

1 year. 

Do. 

* 

(447) Indian Maiisrauesc 
tiompauy, Limited. 

Do. 

P, L. 

1 

IMth Janu¬ 
ary 1917. 

Do. 

Do. 

« 

(448) Do. 

Do. 

P. I.. 

153 

Do. 

Do. 

Do. 

• 

(449) Dahu Iiripa..han- 
kar. 

Do. 

P. L. 
(fi'iipwal). 

271 

5tti I’ubru- 
.ary 1017. 

6 moDtiii 

Do. 

• 

(450^ Jio. 

Do. 

1*. L. 

(renewal). 


8tb Jaimaiy 
1917. 

Do. 

Do. 


(ira) Ivliun iJaludnr 

JijTiiiiiji l’e«loiiji. 

Uo. 

M. L. . 

3+6 

28tli .liiril 
J917. 

39 ycais. 

Do, 


(452) ScMi (hnviirdliaii' 
das. 

Do. 

J>. L. 

20 

.'ItJi May 

19J7. 

1 year. 

Do. 


(433) liabii KripaHhan- 
kar. 

Do. 

P. 1.. 
(renea.d). 

27- 

Titli AugiLst 
1917, 

6 months. 

Do. 

• 

(464) Indian Muiiuaiii'sc 
(.oitipnny, Limited. 

DO. 

P. 1.. 

no 

28tl) Augiwt 
1917. 

1 year. 

Do. 

• 

(466) Khan Daiiadur 
Itjranijl I’estonj). 

Do. 

M. L. 

4 

27tli .lono 
1917. 

6 years. 

Do. 


(166) Do. 

Do, 

M. L. . 

48 

D'.th August 
1917, 

Do, 

Do. 


(457) Babu Kripashan- 
Kar. 

Do. • 

P. L, 
(renewal). 


29tb August 
1917. 

0 niontid. 

Do. 


(468) Khan Bahadur 

Byramji Pestonji. 

Do. 

* 

1 \ L. 

171 

13tii October 
1917, 

1 year. 

Do, 


(459) Babu Kripashan- 
kar. 

Do. 

P, L. 


Do. 

Do. 

Do. 


(460) Pandit Uewashan* 
kar. 

Do. 

P. ].. 

35 

Do. 

Do. 


P. l4.tspmp«eling JAcenm, M. 1,.^Mining Lease. 
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t 

BISZSIOT. 

Qnuitoe. 

Mineral. 

Nature of 
grant. 

.Area 

iaaotee. 

Datee^ 

.eonunence* 

moot. 

Teauj 

Balagbat < 

t 

(401) Messrs. JUiupcr- 
sbad Lakshminarayan. 

Uaugaueso 

P. I,. 


17Di Deootn- 
her I9l7i 

1 year. 

Do. 

(462) Itabu Kiipashaa- 
kar. 

Do. 

P. L. 

171 

13(h October 
1017. 

Do, 

Do. 

(463) Messrs. Tata Sous 
& Go. 

Bauxite 

P. L. 

63 

Jr 

-Slst * Decem¬ 
ber 1917. 

Do. 

Do. 

(4«4) 1)0. 

j 

Do. 

P. L. 

107 

Do. 

Do* 

Do. 

(46ii) Do. 

Do. 

P. L. 

241 

Do. 

1 

Do. 

Do. 

(466) Do. 

Do. 

P. L. 

1)6 

2lAt Deociu- 
ber 1917. 

Do. 

Bhandora . 

(467) Kaftpur MauKaiiw, 
MlDiuR Syndicate, 

Ltd. 

Manganese 

M. L. 

18 

28rd Janu¬ 
ary 1917. 

10 years, 

Do. 

(468) Messrs. LallKshari 
and lUimcliaTan. 

Do. 

M. .L. 

25 

15th Decem¬ 
ber 1916. 

i>o. 

Do. 

(460) Setli Oowartlhan- 
das. 

Do. 

M. L. 

62 

12tlt Decem¬ 
ber 1916, 

80 yean- 

Do. 

(470) llon'blo Dewnu 
Bahadur Sir Kaslur- 
ebaod Du{;a, K.C.l.K, 

Do. 

M. 1. 

87 

ISth Decem¬ 
ber 1916. 

6 years. 

Do. . 

(471) Xbaii Baluvdur 
Bj^amjl Pcstonji. 

Do, 

M. L. 

13 

2l8t Febru¬ 
ary I8l7. 

Do. 

Do. 

(472) Seth Gowardiian- 
das. 

Do. 

P. L. 

232 

. 

16th January- 
1917. 

1 year. 

Do. 

(478) Seth Maliadoo 

Do. 

r. j.s 

1 

29 

■•u 

27th March 
1917. 

Do. 

Do. 

j 

(474) J'limUt Tli'washaii- 
kar. 

Do. 

p. i>. . i 

1 

47 

8fd Febru¬ 
ary 1917. 

Do. 

Do. 

(475) Sctli Gowardlii'in- 
dus. 

Do. 

P. L. ■ . 1 

1 

30 

21st June 
1917. 

Do, , 

Do. 

(476) Do. 

Do. 

1 

1 

p h. . i 

50 

Do. 

€ 

■ Do. 

Do. 

(477) Seth Mnhadeo . 

DO. 

j'. 1,. 
(renewal). 

8 

26tU Septem¬ 
ber 1917. . 

. Do, 

Do. , . 

(47S) Do. 

Do. 

P. L. . 1 

(renewn)) j 

88 

16th June 
1916. , 

Do. 

DO. 

(470) Do. 

J)o. 

P. D. . ! 

(renewal). ! 

30 

26ih Aagnst 
1917. . C. 

Do. 

Do. 

(480) Do. 

Do. . 1 

1 

V. L. 

848 

13th Sewtwn- 
iM't.lOlV., ' 

Do. 

Do. 

(481) Do. 

Do. . 1 

P.L. 

[ 

611 

„ is 

Do. 

Dp. 


P. lAcehft- M. L.’^Mining Lean. 
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Hayden: Mineral ProditcUofif 1917. 
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DiSTKiin;. 

Grantpo. 

KTiui-ral. 


Area 
in acres. 

Date of 
cominence- 
ii'i-nt. 

Term. 

Bhandora . 

(4t)Si!) Soth Gowardhaii' 
dtt8. 

1 

, 

llauganc-e . 1 

M L. 

19 

1 

Idlli April 
1917, 

Will ei- 
pirc with 
the origi¬ 
nal lease 
(luted UiQ 
5th 

Marc h 
1916, to 
which H 
isHupiile- 
nicntary 

Do. 

(48n) Seth Shrirain 

Do. 

r. L. 

28 

9tli August 
1917. 

1 year 

Do. 

(484) SetbtJapaimnth . 

Do 

1*. T.. 

SIS 

I.llli .Aiignst 
1917 

Do 

Do, 

(48&) Sotli Stirirnin . 

Do. 

y. L. 

274 

2 <Uli Septeni' 
liei 1917 

1)0 

Do. 

(48C) Wet'srh. T,«l Ikhaji 
and BaTtii'lianui. 

Ho. 

P L. 
(p'riewa! ) 

1(> 

Hill July 

1917. 

Do 

Do. 

(487) Sf.th ll.ilutdcu 

Do 

I*. L 

4,'j 

,‘UMh 8o]ii(io> 
her )'.t]7. 

Do 

Do, 

(438) Seth Shrirani 

Do. 

1*. I.. . 

47 

29tll 

her 1917. 

Do, 

Do. 

(489) Seth (Jowiirdlian- 
daji. 

Do. 

M. 1 . 

2t< 

ITfh Oetoher 
1917, 

J jeass 

Do. 

(4!)0) hetli Slniiiiifi 

Do. 

I>. (.. . 

89 

Srd Derein- 
IhT T917 

1 ye>r. 

Do. 

(401) Do 

Do. 

1'. L. 

29 

IStli OetoT'Cr 
1917. 

Do. 

Bilaspnr . 

(402) Tula Troll and 
Sli'i-I Co., Ltd. 

Troll ore aiul other 
nimerals (Do!o- 
iTiiti and lime¬ 
stone). 

I‘. L. 

C.7"9 

28th May 

1917 


C'Uandn 

(49:5) llrshT.s. H. Veiiua 
and Kniihniyiilal. 

Coal . 

4» 

M h. 

1,221 

1 

i 

r>tli I'’eh- 

rnary 1917. 

Wdl em¬ 
pire with 
ihe ori¬ 
ginal 
lease 
ilat«d 
the doth 
Detol'i'r 
1915 t>> 
which it 
is suptile- 
ninntiirj. 

Do. 

(404) Mr. raduni8> 

KturaTbhoy. 

Do. . 

1*. 1.. 

:j,827 

17th Ma\ 

1917 

1 yca». 

Do. 


Do. . 

J». L. 

4a(i 

17th Jnoe 

1917. 

Do 

Do. 

0 


, Do. . 

P. L. 

640 

17th May 

1917. 

Dif 

i 


P. l.,~l‘rotpeeting J.iffiinf. M. 1 /.—Lettnf 

E 
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CENTRAL PROVINCES-cm<t^. 


! 

DlSTBICX. 

••reiifet. 

1 

' Mineral. 

Katuie of 
grant. 

Area 
in acres. 

Date of 
commence' 
mont. 

Terms 

Chanda 

(407) Meairs. Haahiua- 
bhoy ft Sons. 

Coal . 

P. L. 

2,439 

lOtti October 
1917. 

1 year. 

Do. 

(498) Mr. Padamay 

JSaraibhoy. 

] 

Do. . . . 

P. L. 

70 

26th Kovem* 
her 1917. 

i 

1)0. 

1 

X];hhinilwara 

(409) Khan Bahadiu 
Bj^amJi Pcatouji. 

Manganese . 

P. h. 

134 

27th January 
1917. 

Do. 

Do. 

(500) Do. 

Do. 

M. I.. 

83 

1 

' 2l8t I’eb- 

maty 1917. 

5 years. 

Do. 

(501) Meaars. II. Verma 
and Kanhalyalal. 

Coal . 

P. L. 

1 

! 4;i7 

i 

s21»t May 1917 

1 year. 

Do. 

(5f)2) lioi Bahadur 

Biahmr Daa Dojia. 

Manganese. 

P.L. 

39 

1 

I 

1 2nd April 

1917. 

Do. 

Do. 

(503) The Hon'ble Hr. 
M. B. Dadabhoy, 
C.I.Ti. 

DO. 

P. L. . 1 

120 

1 3rd April 

1917, 

i 

Do. 

Do. 

(504) Mossra. H. Verma 
and Kanhalyalal. 

Coal . 

P.L. 

14G 

I 4th October 
' 1917. 

Do. 

1 

Do. . i 

1 

1 (505) Do. 

Do. 

P. L. 

370 

19th Decem¬ 
ber 1917. 

Do. 

Do. 

(506) Indian Manganese 
Co. 

1 

1 

1 

i 

Manganese . 

1 

M. L. 

21 

17t!» October 
1917. 

Will ex¬ 
pire with 

1 the origi- 
j nal lease 
dated 

1 the Cth 
! Febraaty 

1 1904 to 

I which it 
i is supple- 
i mentory. 

DniR . 

(507) Mcaara. Bahman- 
»hah Foiizdar Bros. 

i 

1 

Bauxite, lead, 

silver, gold, 

cobalt and 

copper. 


3 

2nd Kovem- 
berion. 

i 

Will ex¬ 
pire with 

1 tlm origi- 
1 nal Ichsc, 

I dated 
the 20th 
June, 
1910, to 
which it 
is snpple- 
mentar^. 

Juhbulpcie 

(.*>08) Messrs Born ft Co. 

Coal . 

P. L. 

1,127 

20th January 
1917. 

lyear. 

Do 

(509) Mr.P. aDuti . 

i 

Bauxite 

P. L. 

443 

5th January 
1917. 

Do. 

Do. 

1 (610) Do. 

i 

Manganese . 

P. L. . , 

55 

22iui May 
1917. 4^ 

Do. 


r. h.~PmpKiin9 Liettm. M. L.»3/te{n9 Xeur. 
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CENTRAL PROVINCES--cottii. 



(iTantee. 


(512) «o. 


Aliiu-ral. 


Jobbulpore (511) Mr. P. C. Datt . I Manganese 


Nature oi 
grunt. 


Area 
in uorca. 


Date of i 
commence* I 
ment. I 


April I WiU ox 

I pire wit'i 

I tile origl- 
pul leaae, 
d a.t ed 
tlHsi 4tb 
Septom* 
tier 1915, 
to wbicli 
It is sup* 
plnmciiti 
ary. 


(.51i) Do. 


(511) Do. 


(515) Do. 


(518) Do. 


lt;i u.\ito and iron P. L. 

(renewal). 

CauxUe . . M, L. 


j llauxltc and iron P. L. 
j oxide. 


I Mangaiiuse, iron, i P. L. 
I thaUium, bauxite, 

I vanadium, caesl- 
' urn, cerium, 

I colufflbium, dldy* 

I mium, erbium, 
gallium, germu- 
I nhim, indium, 

, lithium, niobium, 

I rubidium, tanta¬ 
lum, thorium, 
iirauium, yttrium 
and zirconium. 

Bauxite lead, | P. JL. 
gold,barytes, sil- ; 
j vci. aud copper. 


J4H aZnd Oetolicr Do. 

JOKi. 

52 12tli July 30 years. 

1917. 

404 9th August 1 year. 

I 1917. 

I 

384 I 23rd July Do. 

I 1917, 

608 1 SOfch Novem- Dft 

her 1017. 


212 5t]i No\nm- Do. 
ber 1917. 


(519) Do. 


Bauxite and iron P. L. 


(520) Do. 


Manganese, iion, P, L, 
Bauxite, nickel, 
cobalt, cadmium, 
molybdenum, 
tliaUlum, vana¬ 
dium, titanium, 
copper, caesium, 
cerium, culum- 
blum, didymiiim, 
erbium, gallium, 
germanium, in¬ 
dium, lithium, 
niobium rubi¬ 
dium, tantalum, : 
thorium, nrani- ! 
um, yttrium and | 
zirconium. I 


203 I 21st Dceom- Do. 
I IJorl9l7. 


P. L.=‘ProBpefHi)j Lit;im. M. L,=3fimng laue. 
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CENTEAL PEOVlNCEH—canfd. 


DiSXUOT. 

Drantco. 

Mineral. 


Xature of 
ftrant. 

Area 

iaacru.-.. 

Dale of 
eommenoe* 
iiient. 

Term. 

JubbiilpoTe 

(Siiii itiiiiu Dahadiit 

Dyruugl ri»tuiiji. 

SJungaueac . 

• 

1*. L. 


76 

7tfi Decem¬ 
ber 1917. 

1 year. 

Do. 

(622) D«ni & Co. 

Duuxili 

• 

P. L. 

* 

4,166 

17tL Novem¬ 
ber 1917. 

Do. 

Do. . 

(632) 3Ii. h. n. Diitt 

DauxiU- 

barytve. 

and 

r. L. 


J61 

7th Decem¬ 
ber 1917. 

Do. 

Sagpui 

(624) iMi'iisih. II Wmia 
aud Kujilinljalttl. 

ManttaDeae . 

■ 

31. 1.. 


171 

15(b January 
l'*17. 

30 years. 

Do. 

(52.6J Sir. l.ak,sliuiuu 

Dunjofllinr I,elc. 

Do 

- 

M. 1,. 


50 

3«i.li Novem¬ 
ber 1910. 

Do. 

Do. 

(620) Kliuii J'n'diMdui 

D>i'tiin]il\'stonji. 

Do. 

• 

P, 1.. 

’ 

4»t* 

IClh Juiluaiv 
I9i7. 

1 ye.ir. 

Do. 

(637) AIossi'b. Uoredutt, 
Dancsliial aud 31. 
D’toslii. 

Do. • . 

' 

1'. 1.. 

• 

44 

IstAlay 1917 

Do. 

Do. 

(52H) SlriisK.. ISuliluauiiha 
J'our.fiiiT llro'-. 

Do, 


r. L. 


181 

21 hi Apiil 

1017. 

Do. 

Do, 

(620) Contrul India 

SJuiiiiK Co.. Ltd. 

Do. 

■ 

r L. 


516 

27th Ajiiil 
1017. 

Do, 

Do. 

(620) SloBbrs. Kaliniaiibha 
Fouy.dBr Dro^j. 

1)0. 

■ 

V* L 



lOtll .Sepleiu- 
ber 1017. 

Du, 

Do. 

(631) Seth CioMardiiaiiilas 

Alien . 

• 

1‘, L. 


36 

21al August 
1917. 

Do. 

Do. 

(533) .\a)!|>ur 

MiiiinK ndKuti'. 

Alanismes^ . 

• 

1'. C. 


r..! 

30t)i .liilv 

1937. 

Do, 

Do. 

(fi.ki) l!.io Sabib D. 
Ciik-diuiiM.-iravnn. 

Afnnfjaiii'se 
p) rolusde 

;< lui 

P. 1.. 


:ii) 

31.«t Aiigu..!t 
10J7. 

Do. 

Do. 

(6;U) Crtittiil Jiidiu 

iMiiimi: Co . 1 (il. 

5]unguno^c . 


1*. L. 


7 

Otli Novem¬ 
ber 10 J 7. 

Do, 

Do. 

Do 

Dll. 


r. 1., 


17.'> 

7tli Doieiu- 
ber1017. 

Do 



Do. 

* 

1*. L. 


15i! 

JBtii Oetoiier 
1917. - 

Do. 

Do. 

(537) Do, 

l>o. 

« 

1’. L. 


340 

Do. 

Do. 

Do 

(528) 3llr .A^l.nii ivhim . 

Do. 


P, L. 


7 

0th Novem¬ 
ber 1017. 

Do. 

Do 

(6.30) Uni Diihuilur 

1!i]Micas.tr>).iK Dnira. 

Do. . 

• 

P. I.. 


81 

7th Decem¬ 
ber 1017, 

Do, 

Do 

(540) 1K>. 

Do. 


r. 


70 

2lBt Nm em¬ 
ber 1017. 

Do. 


t*. l..-.=Proi#}i«rf)«7 M. Lea-ti 
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107 


li District.' 

Qrnntoc. 

Nagpur 

(541) Mir Aslam Khan . 

Do. 

(542) Mi'iuus. DahmaiiHhu 
Fouzdar Urns. 

Do. 

(54:1) .MJr .4slam Khiiii . 

Do. 

(544) Itr i\, Vcnkat 
Itainnniiidi. 

YrotmaJ . 

1 (.54.5) JIulla TTasiii) Ali 
iVntliuhhny. 

1 

Do. 

1 

[ (540) Do. 

1 

Do. 

1 (.5-17) Do. 

j 


Mineral. 

! Nature of 
gtiint. 

M.inganose. 

1 *. \,. . 

Do. 

I>. 1. 

Do. 

JM . 

Do. 

IM.. 

roa) 

M.T.. 

Do. . 

M.J.. 

Do. . 

M. L. 


Area 
in aeri'-. 

j Date of 
> commciiec. 

1 incut. 

i 

Irrm. 

«>2l) 

i 

1 12th October 
, isi:. 

1 year. 

;i2 

I Sttb V'auwi- 
1 ber 1S17. 

Do.' 

442 

1 

I 

Do. 

in 

1 2Iat 

1 l)cr 1917. 

1 

Do. 


. 2))tli JanU' 

1 iiry 1017. 

30 year'. 

.50.'! 

1 

i llo. 

Do. 

l,2»l 

17th Keb- 

riiary 1017. 

Do. 


MADRAS. 


"oimh.'itort 

(54.S) Me>.io*. Startin A 

1 Co. 01 London. 

Mica , 

P. L. 

• 

4-37 

24tli March 
1917, 

1 year. 

Do. 

(549) -Messrs. Mtartln & Co. 

Do. 

P L. 


9-:44 

! 

( 

1 2iid August 

1 19J7, 

Do 

Kurnool 

, (560) A.(iliose,Eaq. 

Baryt<« 

P.l,. 

• 

(i2 57 

i 27th Fch- 
j riiarvlPtT, 

Do. 

Do. 

. (551) Do. 

I 

Do. 

)' 1. 


208.”. 

; l«fh .«ay 

, 1917. 

Do. 

Do. 

■ (052) no. 

1 

Do. 

V. u 

* 

(Kl'TO 

: 4tih August 
' J!)17. 

Do, 

Do. 

(563) Do. 

DO. 

V. L. 

. 

.5883 

' ISfli .July 

1 1917. 

Do. 

Ncllore 

1 (064) P. Krishnasami 
Mndalivar. 

1 

.Mica . 

M. L. 


174*Tii 

1 loih Doccin- 
hcr 1913. 

30 years. 

Do. 

j (555) Jleasr*.. F. F. 
Chresticii & Co. 

Do, . 

M, L. 


2:12 

i 2Kth TTovani" 
j her 1916. 

Do. 

Do. 

j (556) P. Venkatasami 
Chetti. 

Do, , 

P. L. 

a 

f) 74 

■ IPtli Janii- 
' nry 1917. 

1 year. 

Do. 

, (567) Tndupur .Siibharaini 
Jleddi. 

Do. . 

P. I. 

< 

i 

► .'n.26 

' 261 ti .Tune 
1917. 

Do. 

Do. 

' (568) V. K. M. K. n. 

1 Ksnippnu Chetti. 

Do. . 

P. L, 

1 


■’ 

2iiil .March 
1917. 

Do. 


/*. 1..-I'rofpeHiitg l.Wfn'^,. M. L.=-Vi'f '-v iMif. 
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MADBAS— cmuM. 


DiBxaiox. 

Orantoe. 

Mineral. 

Katiueot 

grunt. 

Area 

tnuorea. 

! Date of 
i commence¬ 
ment. 

Tenn. 

Kellore 

• 

(5I>0) K. Venkataramaniab 

Uioa . 

• 

a 

P. L. 


16 

let April 

1017. 

lyear. 

Do. 

• 

(660) KhttU Baliadui 

Mohammad Safdar 
Hussain. 

Du, . 

• 

• 

M.L. 


344 64 

1st April 

1014. 

SOyeata. 

Do. 


(661) M. 11. M. A. 
hnbramania Chettlar. 

Do. , 

• 

• 

M. L. 


84-71 

6th August 
1911. 

Do. 

Do. 


(662) B. Venkata Subba 
Beddi. 

Do. . 


* 

P.L. 


17-76 

Ist Septeiu- 
ber 1017. 

1 year. 

Do. 


(e6.S) P. Vcnkataawami 
Chattl. 

Do. . 

t 


P. L. 


48-28 

0th April 

1017. 

Do. 

Do. 

■ 

(604) V. K. M. K. B. 
Karuppan Chetti. 

Do. . 

• 

• 

P.L. 


64-02 

28th July 
1917. 

Dok 

Do. 

* 

(666) I. Subbarami Beddi 

Do. . 

• 

e 

P.L. 


30 09 

16th August 
1017, 

Do. 

Do. 

« 

(666) The Sankara 

Mining Syndicate. 

Do. . 

• 


M.L. 


136-30 

1st Decem¬ 
ber!^. 

30 years. 

Do. 

• 

(567) A. Qovindu Beddi 

Do. . 

• 

e 

P.L. 


26-58 

20tb October 
1917. 

1 year. 

Do. 

• 

(668' N. Baghavalu 

Nayakkar. 

Do. . 

• 

• 

P. L. 


11-06 

6tli Decem- 
Iwr 1917. 

Do. 

Do. 

• 

(560) V. K. M. K. B. 
Karuppan Chetti. 

Do. . 


• 

P. L. 


24-62 

1st Decem¬ 
ber 1917. 

Do. 

Do. 

• 

(670) N. Baghavalu 

Hayakkar. 

Do. . 

• 

• 

P. L. 


0-41 

5th October 
1017. 

Do. 

Do. 

• 

(671) Moolji Govindji . 

Do. . 

6 

• 

P.L. 


20 

16th October 
1917. 

Bo. 

Triehinopoly 

(672) Messrs. T. Stanes 
d; Co., Ltd., Coimbatore. 

Phospbatic nodules 

P.L. 


430-60 

23rd June 
1017. 

Do. 


PUNJAB. 


Attock 

(678) Attock Oil Co.. Ltd. 

Mineral oil. . 

P. L, 


1,280 

eth 

June 

1 year. 






1017. 


Bbahpur 

(674) The Burma Oil Co., 

Do. 

P.L. 

• 1 

i 4,002 

10th 

July 

Do. 

Ltd. 



1 

1 

1 

1017. 




V. L.^Pro»peetin^ Lwenne. M. T. Mining Lemt. 
















P^EX 8:.3 


Hatoex : Mineral Production, 1917 

SUMMARY. 


10 » 


I’tovlnce. 

Froopeotlng 

Ucenaes. 

Alining Leases. 

V 

70101 of eaoh 
Province. 

Anam . , , . ■ • . . 

. 

4 

O 

6 

Baluobiatan. 


«> 

4 

7 

Bihar and Orlitsa .... 


21 

14 

Ui 

Bombay. . . . '. 


4 

1 

S 

Burma . . . 


3d0 

12 

392 

Central Provinces. 


81 

21 

, 102 

Madro... 


20 

r> 

25 

Funjab. 


O 

* • 

2 

Total of oaota Und and Onmd Total 1917 


5|5 

so 

67i 

TOTAI. 01 1910 

■ 

482 

so 

632 
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CLASSIFICATION OF LICENSES AND LEASES, 

Table 27. —Prospecting Licenses and Mining Leases granted in Assam 

during 1917. 


Distbiot. 


Area in 
acres. 


Mineral. 


Prospecting Licenses. 


Cachar ..... 

1 1 

16,000 

Mineral oils 

Lakhimpur .... 

1 1 1 

8,238 08 

Coal, 

Bylhet. 

2 1 

14,547*2 

Mineral oils. 

Total 

4 

1 *** 

1 



Khasi and Jainiia Hills . 
Lakhimpur . 


Mining Leases. 


1 1,920 Metallic ores. 

1 2,227'2 Coal, iron, slate and shale. 


Total 


Table 28. — Prosp&iing Licenses and Mining 

Baluchistan during 1917. 

r Leases granted in 


1917. 

DlSTItlCT. 

1 

Area in 

JNO* 

acres. 

Mineral. 


Kalat 


Prospecting Licenses. 


58,240 f Oil. 
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TablR 2Btr^Prospectin^ Licenses and Mining Leases granted in 

Balu(diistan during 1917. 


District. 


Area in 
acres. 


Mineral. 



Table 29.— Prospecting Limises wnd Mining Leaser granted in Bihar 

and Orissa during 1917. 




1917. 

District. 

- 




:so. 

Area in 

Mineral. 



acres. 

Prospecting Licenses. 


Hararibagh .... 

5 

504 

Mion 

Santa! Pairganas . 


10,239-76 

Coal, 

Singhbhum .... 

0 

2,025-6 

Chromite. 

■ Dc). .... 

J 

11-90 

Yellow ochre. 

Do. .... 


36,032 

Manganese and iron ore 

Do. .... 

» 

1,330 

Galena, gold and other 
kindred minerals 

Do. .... 

1 

76-90 

Manganese. 

Do. 

1 

150 

Hed ochre. 

Do. ... 

I 

56 

Iron ore. 

Do. . . . - 

1 

4-60 

Yellow and rod ochre 

Totai. 

21 

... 

4 
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Table *29 —Prospecting Licemes and Mining Jjeases granted in Bdkar 

and Orissa during 1917. 


"District. 

1917. 

No. 

Area in 
aores. 

Mineral, 

# 

6ya. 

Hazaribftgh .... 
Sambalpnr .... 
Santa! Paiganas 

Singhbhum .... 

Do. 

Do. .... 

Do. .... 

Total 

Mining Lc 

i 

1 

1 

5 

3 

1 

1 

1 

lases. 

1,557-05 

70 

1,300 

17-13 

1,532-30 

HOO 

1,267-2 

1 

Mica. 

Do, 

Coal. 

Do. 

■Chromite. 

Iron-oce. 

Manganese and iron ore. 
Gold. 

14 

... 

Table 30.— Prospecting lAcemes and Mining Leases granted in Bombay 

during 1917. 

Distbiot. 

1917, 

No. 

Area in 
acres. 

Mineral. 

Prospecting 1 

Dharwar (alao in Kanara district)' 1 

Kaira . . . ' . . ! 1 

1 

Panoh Mabala. . . . | 1 

Sukkar.| 1 

1 

Jeenses. 

1,143 

301-96 

45-6 

6,008 

Galena. 

Manganese and alumi> 
nium. 

Manganese. 

Mineral oil. 

Total 

4 


Panoh Mahals >. . . 

Mining Leases. 

1 1 680-22 1 Manganese ote. 
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Table 31. — Pros'pedmg Licenses amd Mining Leases granted in Burma 

during 1917. 





1017. 

Distbtot. 


No. 

1 acr(». 

! 1 


Prospecting Licenses. 


Akyab . 

• 

• 

a 

2 

9,060 

Mineral oil. 

Amhent 

• 

• 

a 

12 

10,133-2 

All Minerals (except oil). 

Bhamo . 

• 

« 

• 

1 

5,616-8 

AU minerals (except oil 
and jade). 

Katha . 

* 

« 


a 

A 

24,320 

Tin, wolfram, silTer, 

copper, lead, zino and 
gold. 

Lower Chindwin 



a 

3 

2,940 

All minerals (except oil). 

Do. 

• 

• 

a 

3 

3,040 

Mineral oil. 

Mergui . 

• 

• 

• 

26 

27,420-46 

All minerals (except oil) 

Do. . 


• 

a 

2 

82-92 

Tin. 

Do. . 



a 

3 

3,383-32 

Wolfram and tin. 

Do. . 

a 


a 

1 

2,626-56 

Wolfram. 

Minbu . 

• 

• 

a 

2 

2,890-24 

Mineral oil. 

MyinCTan 

Sfyiiifyina 

• 

• 

a 

2 

Ib.TOO 

Do. 


« 


1 

1,132-8 

Gold and platinum. 

Do. 

• 

f 


1 

3,200 

Gold and iridio-platinum 

. Do. 

• 

• 

a 


3,571-2 

Gold. 

Northern Shan States 
Do 


a 

a 

9 

2 

3,200 

5,760 

Iron. 

Coal. 

Do. 


• 

a 

1 

3,200 

Gold, silver, iron and 
zino. 

Pakokku 

* 


a 

7 

17,402-80 

Mineral oil. 

Prome . 

• 



2 

3,449-6 

Do. 

Bttby Mines . 

a 

• 

a 

1 

640 

Copper. 

Salween. 

* 


' a 

1 

3,840 

All minerals (except oil). 

Shwebo 


« 

a 

2 

4,704 

Mineral oil. 

Sonthem Shan States 


a 

4 

2,787-93 

Wolfram 

Do. 


• 

a 

1 

2,560 

Lead. 

Do. 


• 


0 

11,965 

All minerals (except oil). 

Do. 




3 

9,660 

Gold. 

Tavoy . 

• 


• 

.201 

147,824-28 

All minerals (except oil). 

Thaton . 

■ 

• 

a 

68 

98,826-6 

All minerals (except oil). 

Do. . 

• 

a 


1 

29-44 

Mineral oil. 

Thayetmyo . 

• 



9 

31,916-82 

Do. 

Upper CSimdwin 


a 


3 

19,840 

Do. 

Yamethin 

' a 

a 


1 

2,660 

Lead. 


Total 

a 

380 
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TablS 3l —Prospecting Licenses and Mining Leases granted in Burma 

during ift/7--con,td- 


t 

District 

1917 

No. 

Area in 
acres. 

Mineral. 

• 



Mining Leases. 


Miubu . 

• • 

a a 

1 

19 

Mineral oil. 

fiouthem Shan States 

a a 

1 

2,680 

Lead, copper and silver. 

Tavoy . 

a 

• • 

4 

7,33603 

Wolfram and tib. 

Do. . 

• • 

• • 

. 6 

10,081-38 

All minerals except oil 






and precious stones. 


Total 

12 



Table 32. 

—Prospeding Licenses and 

Mining Leases granted in the 



Central Province during 1917. 




1917. 

District 








No. 

Area in 

Mineral. 





acres. 




Prospecting Licenses. 


Balaghat 

* • 

a 

14 

2,135 

Manganese. 

Do. 

• • 

a a 

4 

607 

Bauxite. 

Bhandara 

• • 

a a 

18 

2,274 

Manganese. 

Bilaspni 

• • 

a a 

1 

6,799 

Iron ore and other miner* 




1 


als (Dolomite and Lime* 






stone). 

Chanda 

• a 

a a 

6 

7,376 

Coal. 

Chindwara 

• • 

a a 

3 

302 

Manganese. 

Do. 

• • 

a 

3 

963 

Coal. 

Jubbnlpore 

a • 

a 

2 

1,611 

Do. 

Do. 

■ • 

a a 

2 

4,602 

Bauxite. 

Do. 

a a 

a a 

3 

212 

Manganese. 

Do. 

a • 

* a 

2 

801 

Bauxite and iron. 

Do. 

a • 

a a 

1 

404 

Bauxite and ir(m oxide 

Do. 

a a 

a • 

1 

666 

Manganese, inni, bauxite. 






and all metsJs of the 






rare earth. 

■ 
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Table 32 — Prospecting Licenses and Mining Leases granted in the 
Central Provinces during 1917 —contd. 



Jubbulpore 


Do. 


Do. 

Nagpur 

Do. 

Do. 


Prospecting Licenses— contd. 



Totiti 


1 

212 

1 

293 

1 

154 

17 . 

3,592 

1 

39 

1 

20 

81 



Bau xito, lead, gold, 
barytes, silver and 
copper. 

Manganese, iron, bauxite, 
nickel, cobalt, cadmium, 
molybdenum, litaniom 
ci.ppor and minerals of 
the rare earths. 

Bauxite and barytes. 

Manganese. 

Mica. 

Manganese and pyrolusite ' 


Mining Leases. 


Balaghat .... 

3 

398 

Bhandara 

7 

253 

Chanda 

1 

1,221 

Chindwaia .... 

o 

104 

Drug . , . . . 

1 

3 

Jubbulpore .... 

■ 1 

19 

Do. « • , » 

1 

52 

Nagpur 

2 

230 

Yeotmal 

3 

3,060 

Totai. 

21 

1 


Manganese. 

Do. 

Ooal. 

Manganese. 

Bauxite, load, silver, gold. 

cobalt and copper. 
Manganese. 

Bauxite. 

Mangane 

Coal? 
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'.Table 33. —Prospecting Licenses and Mining Leases granted in Madras 

during 1917, 

1917. 


Area in 
acres. 


Prospecting Licenses. 


Coimbatore . 

2 

13-71 

[ Mioa. 

Knmool .... 

4 

208-94 

Barytes. 

Nellore. 

13 

304-63 

Mioa. 

Trichinopoly .... 

1 

430-69 

Fhosphatio nodules. 

Total 

20 

1 




Mining Leases. 


Keilore. 

1 6 

1 692-63 

I Mica. 


Mineral. 



Table 34. —Prospecting Licenses and Mining Leases granted in the 

Punjab during 1917. 



Aitock . 
Sbahpur 
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The Support of the Mountains of Central Asu 
(Being an Appendix to the Memoir on the Struc¬ 
ture OF THE Himalayas, and op the Gangetic 
Plain, as elucidated by Geodetic Observations 
IN India). By R. D, Oldham, F.R.S. (With Plate j). 

I N the memoii on The Structure of the Himalayas and of the 
Gangetic Plain, as elucidated by Geodetic Observations in 
India,”^ it was shown that the outer zone of the hills was a region 
of partial defect of compensation, or, in other words, of super¬ 
elevation of the surface, which increased in amount from the outer 
edge of the hills to as far in as definite observations have been made. 
This being only about 40 miles, the ultimate course of the discre¬ 
pancy between topography and compensation cannot be traced, 
but less certain observations, and other considerations, indicate that 
the defect of compensation disappears at greater distances from 
the edge of the hills and may even be replaced by an excess. The 
conclusion, being an important one in view of its bearing on theories 
of the origin of mountains, requires confirmation and, in the absence 
■of observations in the Himalayan region, this had to be looked for 
elsewhere. In the search for such information I came across a 
series of gravity measurements, made by the Russian Govern¬ 
ment, in the region of the Pamirs and neighbouring parts of Central 
Asia, which are of special interest as giving » complete section 
across a group of mountains not only comparable in elevation with 
the Himalayas but also, in other ways, of importance in the dis¬ 
cussion of theories of mountain origin. 

The geology of this region is still imperfectly known, but this 
il" of no yery great importance as the present investigation is not 
■■ concerned with details of stratigraphy. Enough is known to show 
that the general strike of the strata, and of the axes of the folds, 
is about east and west right across the northern part of the district. 
In the southern part, the same strike is found towards the centre, 
but on the east it bends round to south-eastwards, and westwards 


^ Mem., Geol. Surv, liul., XLTI, pt. 2. 1917. 
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to the south-west. The topography shows a general agreement 
with the geological structure; on the north the upper waters of 
the Sir Daria, or Jaxartes, flow through the valley plain of Fergana, 
in what is evidently a structural depression between the mountains 
to the north and south. South of the Fergana valley come the 
parallel ranges of the Alai and Trans-Alai, separated by the Alai 
plain, near the head of the valley of the Kizil Su, These ranges are 
continued, further west, by others named on maps as the Peter the 
Great, Hissar, and Zerafshan. which together with the Alai ranges, 
may be regarded as the westerly continuation and termination of 
the Tian Shan mountains, now separated by the erosion of valleys, 
cut more or less along the strike of the rocks. To the south of these 
high ranges a number of minor ridges stretch in a more or less south¬ 
westerly direction tow’ards the valley of the Oxus, following, in a 
general way, the strike of the rocks. The valley of the Oxus, or 
Amu Daria, occupies a structural depression to the westwards 
of the junction of the Kiinduz river, but the upper reaches occupy 
what has all the characters of a valley of erosion, cut through the 
mountains, at times along, and at others across, the strike. 
Further still to the south comes the range of the Hindu Kush and 
its westerircontinuation. 

Throughout this region there is, as has been indicated, a general 
agreement between the geological structure of the rock.s exposed 
at the surface and the geographical aspect of the country, but 
upon this general agreement of what may be called the minor topo¬ 
graphy, the course of crest and valley, there is superimposed a 
major relief, which is quite independent of the structure of the 
surface rocks and arranged along an axis transverse to the strike. 
This is very well seen in the hills of the drainage area of the Amu 
Daria, where we have the lowlands of Bokhara, on the west, east¬ 
wards comes a series of low hills which do not rise above .5,000 feet, 
followed by the high plateau of the Pamirs, and, still further east, 
by the mountains of Kungur and Mustagh Ata, which rise to heights 
of over 25,000 feet and form the highest summits of the region. 
The same feature may be recognised in the increase in average 
height from east to west of the series of ranges which form the back¬ 
bone of the region and is also, and perhaps most conspicuously, 
marked by the feature known to geographers as the Mustagh Ata 
range, which lies outside the region covered by the gravity observa¬ 
tions, but must be considered, as it will be shown to have an import- 
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ant bearing on the interpretation of them, and as its character^ is 
generally misunderstood. 

Maps show a series of high mountains ranged along the border 
of the plains of Kashgaria, which are separated from the Pamir 
plateau by deep valleys, and are so conspicuously arranged along 
a nearly meridional line that, in spite of the interruption by two 
deeply cut valleys, it is natural to look upon them as forming a dis¬ 
tinct and definite mountain range, which is variously designated as 
the Kashgar, Tagharma, or Mustagh Ata, range ; the appearance is, 
in fact, so striking that it has even misled some geologists into regard¬ 
ing it as a true tectonic range, and accepting a system of disturbance 
of the strata which would cut right across the trend of the structure 
of the region immediately to the west, and of which no tiace can be 
found in observation in the field. The Miisiagh Ata and Kungur 
are composed of granite, and doubtless owe tlujir preservation as 
the highest summits of the region to this, but to the north Dr. H. H. 
Hayden found that an easterly strike continued right across the 
line of the supposed range, up to the margin of the Kashgar plain,^ 
and to the south Dr. F. Stolic25ka found a south-easterly strike con¬ 
tinued, with only a brief local occurrence of northerly strike from the 
edge of the plain till it bent round into the east-south-easterly strike 
of the Pamirs. 2 The similitude to a ^^ountain range is largely due 
to the valleys which separate the summits from the Pamir plateau, and 
even if these valleys are not wholly due to erosion, there remains 
the fact that the greatest actual elevations lie in the extreme cast 
of the region, and the common geographical interpretation lias 
this much genetic justification, that the axis of the greatest uplift 
lies on the eastern edge of the hills, whontte there is a rapid descent 
to the plains of Kashgar. 

The major relief of the country is thus seen to cut right across 
the minor relief, or course of ridge and valley, and for this no satis¬ 
factory explanation can be found in the visible geological structure 
of the country. The structure very clearly indicat<JS that the region 
has undergone compression in a north and south direction., and this 
compression would give rise to a thickening of the crust, to which 
the elevation of the hills might, and very commonly is, attributed ; 
but there is nothing in our limited knowledge of this region to sug¬ 
gest that the compression has been greater in the east than in the 

Geol. tiwv. XLV, .H18 (1916). 

•Scientilic Resnlta of the Second Yarkand Mission Geology, pp. :iG-37 {187S) 

F 
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■western portion, at any rate to the extent necessary to account for 
the difference in the present elevation of the ground. This, how¬ 
ever, is merely a repetition of what may be found in other parts 
of the world. Even in those districts where the relation between 
inward structure and outward form are most intimate and obvious, 
there is not the same apparent connection between structure and 
absolute elevation. The Alps and the Himalayas, for instance, 
have both been compressed in a direction transverse to the general 
course of the range, and the amount of compression seems to be of 
much the same order of magnitude in both cases ; the geology of 
the Himalayas is less fully known than that of the Alps, but so far 
as our knowledge goes the compression seems to have been, if any¬ 
thing, less in amount, and certainly there is nothing like the twofold 
greater compression, which would be needed to account in this 
way for the twofold greater elevation. In both these cases, as in 
others of a similar character, the major relief is ranged along much 
the same general direction as the minor, so that it is difficult to 
disentangle the effects of the two and decide hpw far each may 
or may not be determined by the geological structure. In the 
mountains of Turkestan the opposite is the case, and here the major 
and the minor relief are arranged along different lines, which cross 
each other nearly at right asigles, and, for this reason, the region 
seems particularly favourable for the study of those problems of 
mountain formation, the solution of which seems impossible by 
geological observation and only to be approached by the study of 
ijeodotic measurements. 


The results of the observations are published in the report of 
the 1909 meeting of the International Geodetic Association, but in 
Jess detailed form than is customary, for only the free air correction 
is given. The Bougiier correction for visible mass and the Hayfordi 
correction for local topography are easily obtained, but the orogra¬ 
phic correction for departure of the : ctual siiirfacc from a plateau 
could not be determined with accuracy from the maps accessible 
to me. As the, statioris are mostly situated in open valleys or out 
in the plain, this correction will in the majority of cases be less than 
•01 dyne and only in a few cases, \yhere the station is situated in a 
deep and narrow valley, will it exceed -02 dyne, and is not likely 
to be greater than ’03 at any station of the series. 
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The correction for ^he effect of topography at a greater distance 
than 104 miles from the station has been determined. It was 
•computed in detail by Messrs. Hayford and Bowie for the station 
of Kdia Khum,^ which is almost centrally situated in the group 
of stations being dealt with, and, as the amount of this correction 
varies comparatively slowly from station to station, the. adoftion 
of the same value at all would probably not introduce an error of 
more than *02 dyne at any one. Moreover, the error would be a 
systematic one, changing gradually from one margin of the map 
towards the other, and so easily recognisable, if not obscured by 
othjr and greater irregularities. As will be seen in the sequel, 
the differences in the anomalies are much greater in amount and more 
rapid in their variation than can possibly be accounted for by the 
neglect of this correction. Another consideration is the fact that 
the correctness of the adopted value for the force of gravity at 
Tashkent, on which all the other values depend, is in doubt,® and 
for this reason it has seemed best to confine attention to the differ¬ 
ences, which are most conveniently expressed as positive or negative 
variations from the mean value of the whole group, excluding 
-the anomalous station of Kala Wamar. The stations are numerous 
enough, and the area sufficiently extensive and diversified in 
character, to make it probable that the mean of the anomalies will 
approximately represent the true zero value for the area, while 
the exclusion of Kala Wamar is justified by the anomalous 
character of the record. The negative auomalv at this station is not 
only abnormally high, but is nearly two-tenths of a dyne higher 
than at the nearest stations. There is no apparent explanation of 
so great an anomaly at this station, and it is difficult to avoid the 
conclusion that a clerical error has crept into either the calculations 
or their transcription, the alternative explanation being that there 
is some exceptional and quite local peculiarity at this station; in 
•either case its exclusion is justified. 


On the map attached to this note (PI. 3) the relief of the surface is 
indicated by the contours at intervals of 5,000 feet and the positions 


* The effeot of Topography and Isostatic compensation upon the Intensity 
of gravity. Washington ; 1912 ; p 84. 

’ Comptea Bondues do la seiziome Conferenco gencrale do 1’Association Geodesi- 
•que Internationale, Vol. Ill, pp. 138-141. 
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of the gravity stations, with the amount, expressed in hundredths 
of a dyne, by which the anomaly differs from the mean value. As 
has been mentioned, these values require a correction for •irregularity 
of the surface, which may reach '03 dyne and will be less at most 
of the stations in the mountain region ; they arc also subject to a 
correction on account of distant topography and its compensation, 
which will vary gradually from a positive value near one margin to a 
negative value at the other, or possibly may vary in either positive or 
negative direction from some point within the area. Another possible 
correction is a divergence of the actual distribution of the compensation 
from that assumed in tin', IJayford and Bowie tables, from which 
the figures made use of were derived ; any such assumption, howe.ver, 
not inadmissible on other grounds, would make very small change 
in the amount of the anomalv, the maximum change, at the stations 
in the very heart of the mountaiiis, could not exceed •02 dyne at 
any individual station and would vary in amount with the altitude. 

An inspection of the map shows that* the actual variation in 
the amount of the anomaly is not susceptible of explanation in 
any of these ways ; not only is the amount of the difference too 
large, reaching as it docs about two-teqths of a d 5 ''nc, but the dis¬ 
tribution shows no relation to the situation of the stations, whe¬ 
ther in deep and narrow valleys or in the open plain, nor to the 
elevation, nor does it vary in a manner that could be attributed to 
the effect of distant topography. On the other hand, the varia¬ 
tion does show a very decided relation 4;o the general relief of the 
country; in the lowlands to the west we find the anomalies all 
positive, and iho positive values cmitinue into the hills on the east; 
as the liigher hills are entered the anomalies become negative, and 
all the eastern stations show a negative anomaly, with the excep¬ 
tion of two groups, one in tlie central region of the Pamir plateau, 
and the other in the depression of Fergana. Expressed in general 
terms, it may be said that the character of the anomaly is such that 
where lower ground borders on higher the anomaly is positive, 
and negative where high ground is bordered by lower. In the 
case of the western plains of Bokhara, and again in the Fergana 
depression this relationship is obvious, but not so on the Pamir 
plateau, yet there, too, high as the stations lie, there is higher ground 
on all sides, though the barrier on the west is breached by river 
valleys. The station of Jekindi, which shows a small positive- 
anomaly, isolated in a region of defect of gravity, is no exception 
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lor, though, situated in a mountain region, it lies in the upper valley 
of the Kizil Su and not very far from the edge of the Alai plain, 
which, lying between the Alai and Trans Alai ranges, appears to 
mark a structural depression between two lines of excess of uplift. 

Bearing in mind the fact that a positive anomaly, where the 
effect of compensation has been considered, means that the surface 
level stands higher than it would if a condition of complete isostatic 
equilibrium existed under the station, the distribution of the ano¬ 
malies may be expressed in a different way, as indicating that the 
low ground is borne up above, and the ranges depressed below, 
their respective proper levels. This is the condition which was 
established as regards one part, and shown to be probable as regards 
the other, in the case of the Himalayas, and, in that connection, 
was shown to suggest a certain amount of residual rigidity in the 
crust of the earth. The way in which this would work can be 
illustrated by the diagram, fig. 1, where an originally level surface 
is supposed to have been subjected to elevatory forces such as 
would result in a surface as represented by the firm line between 
A and H, if the surface level everywhere coincided with the upward 
or dowmward forces; if, howevci', the crust wore possessed of a 
degree of permanent rigidity which W’ould not allow it to adapt 
itself to the flexures, the resulting surface W'Ould take some such 
form as that represented by the dotted line, the exact form depending 
on the degree of rigidity of the crust and the abruptness of the 
flexures. 



Fig. 1. 

Here we see that on either side of the central uplifted tract, the 
level surface is bent upwards and stands at a higher level' than it 
otherwise would, while the outer edges of the uplift are held down 
below the level which they should have reached. In the centre 
of the plateau it might be that the surface would be forced up 
above its proper level by an arching upwards of the crust, as a 
result of the bending down on either side. 

The conditions assumed in the diagram have been reduced 
to an extreme simplicity, but a similar result would follow in more 
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complicated circumstances, and, further, if we suppose the elevatory 
force to be the result of the same changes which have given rise to 
the compensation, we should find an apparent excess of gravity 
in all those regions where the dotted lino runs above -the firm one, 
and where the actual amount of the compensation would be less 
than that deduced from the measured altitude ; where the dotted 
line runs below the firm there would, similarly, be an apparent 
defect of gravity, the real compensation being greater in amount 
than was allowed for in the computation. 

Before passing on to the consideration of the observations 
it may be well to point out that if the compensation were an indirect 
result of the accumulation of surface material to form the plateau, 
the relationship between the real surface and the surface of equili¬ 
brium would be the opposite of that shown in the diagram. In 
this case the ground on either side of the plateau would be borne 
down, and a defect of gravity would be observed, while the plateau 
would be supported above the level of equilibrium and show an 
excess of gravity. 


Examining the anomalies in the light of this explanation, we 
find, in the first place, high positive values in the most westerly 
stations; then, entering the hills, this positive anomaly decreases 
in amount in an easterly direction, as the high plateau of the Pamirs 
is approached, till it disappears and is replaced by a negative anomaly 
both in the stations along the course of the Oxus and in the hills to 
the north of it. 

In the upper Oxus valley, the anomaly has a negative value 
of about *06 dyne at Kala Khum, of which *01 is due to the omission 
of the orographic correction. At Kala Wanj, Kharuk and Ishkasharn 
the negative anomaly amounts to *08, of which some *02 to *03 may 
be due to the orographic correction, and at Langar Kisht, where 
this correction is probably larger than at any other* station, the 
negative anomalj’' of *11 would be reduced to *07 or *08. 

Eastwards of these high negative values there are no stations 
till the Pamir plateau is reached, where a group of positive anomalies 
is met -With, the greatest of which amounts to *11 dyne, at Robat 
Muskol. This very high value may be attributable, in part, to a 
purely local variation in the density of the rocks under the station, 
and it may be that tlie lesse^ipositive anomalies at the neighbouring 
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stations would be made negative by a computation including the 
effect of more distant topography, but any such change would 
still leave the values positive in comparison with the anomalies 
at the stations round about. 

Taking an anomaly of '03 dyne as representing in round numbers 
the attraction of 1,000 feet thickness of average rock, we may inter¬ 
pret the figures as showing a superelevation of about 3,000 feet in the 
plain about Bokhara, a depression of rather less along the edge of 
the high plateau of the Pamirs, about Kala Khum or Kala Wan], 
and a superelevation of about the same amount in the central part 
of the plateau round about Robat MuskoL The distance from 
Charjui to Robat Muskol is about 550 miles and the maxiniuni. 
difference of load equivalent to about 5,000 feet of rock, indicating 
a permanent strength of the crust of more than double that which, 
according to Prof. Barrell, is revealed by the observations in the 
United States, but only about one-half to three-quarters of that 
exhibited by part of the floor of the Pacific Ocean. 

On this line of section, a disturbing element may come in, of 
the effect of which we can form no estimate, for the line is flanked 
on the north by tlie high ranges stretching westwards between t he 
Oxus and .laxartes valleys, and on the south by the Hindu Kush 
and its westerly continuation. Nothing of the same proportionate 
amount needs consideration on the transverse section from north 
to south across the Pamirs. Beginning from the south, we find 
a negative anomaly at Langar Kisht which, allowing for the effect 
of the orographic correction, is equivalent to a depression of about 
3,000 feet. This station is close to the crest of the Hindu Kush 
and to peaks which rise to an altitude of 22,000 to 24,000 feet. 
At Murghabi, the depression has sunk to -*04 dyne and, as the 
orographic correction would be comparatively small, the depres¬ 
sion may be put at about 1,000 feet. At the next station, Robat 
Ak Baital, there is a superelevation of about the same amount, which 
increases to 3,000 feet or more at Robat Muskol. Lake Karakul 
seems to stand at about the level due to tlie compensation but 
northwards the depression at Bordaba amounts to 1,000 feet and 
to 3,000 feet at Ak Bossaga, diminishing again to about IjOOlJ feet 
at Sufi Kurgan and Gulcha. At Liansar and Osh. in the Fergana 
valle}’^, there is a positive anomaly, indicating a superelevation of 


OeoL, XXI f, .W, 37. 38 (1918). 
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less than 1,000 feet, surrounded on three sides by stations indicating 
a depression of the surface level, as the mountains are neared. 

On this section the bearing up of the low ground, and the bearing 
down of "the high, is very clearly exhibited. In the case of the 
Fergana valley it is obvious enough, and, as has been pointed out, 
the central region of the Pamir plateau is in much the same case, 
in spite of its altitude, but here another cause may co-operate in 
producing superelevation. The observations indicate a bending 
down of the crust tow^ards the north and south, and towards the 
west; on the east no observations exist but we may infer that a 
similar condition would be found towards the plains of Kashgar. 

Granted the correctness of this interpretation, the strength and 
rigidity of the crust implied by it might well give rise to an upward 
bending of the portion of the crust lying betAveen and so to an uplift, 
reaching its maximum in the centre and dying out on either side, 
as was suggested in dealing with the suppositious case illustrated 
in fig. 1. 

However this may be, we have a section which may be regarded 
as something over a complete wave, having a length of about 150 
miles from crest to crest or trough to trough, and a height of about 
7,000 feet from trough to crest. This last figure ma^'^ be excessive, 
and partly due to this increase of the maximum anomalies by purely 
local causes, but the general average of the observations shows that 
the diflerei^ce is at least equivalent to some 5,000 feet or 2,500 
above and below the mean level of equilibrium. 

Westwards from Fergana the stations in the drainage area of 
the Sir Daria, or Jaxartes, show the same features, of negative 
anomalies on the east giving place to positive anomalies to the 
westwards, as was found further south. It is not possible to recognise 
any influence of the high mountains wrhich lie between the two 
rivers, as there are no stations within the ranges or close to them, 
and the elevated mass is so insignificant in volume, as compared with 
the Pamir plateau, that the effect of the latter wnuld be predominant, 
and any influence exerted by the former only recognisable by a 
larger number of more closely set stations than are available. 

Taken as a Avhole, the results agree in a remarkable manner 
with those obtained from the study of the geodetic observations 
in the Himalayas, indicating that a condition of general isostatic 
equilibrium, of the mountains as a whole, is subject to considerable 
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local departures from this condition. In both cases these departures 
from complete equilibrium are distributed with a marked rehtion to 
the greater relief of the surface and are just such as would result 
from the uplift being due to some deep-seated cause, acting mainly 
in a' vertical direction, combined with some considerable strength 
and permanent rigidity of the overlying crust, which is, consequently, 
prevented from adapting itself completely to the bending, and so may 
hold the surface level down below or upraised above that at which it 
would otherwise stand. The limit to the amount of the departure 
from the level of equilibrium is about the same in both regions and 
reaches a maximum of some 3,000 feet; the observations which 
have been made in the Andes suggest a similar departure from 
complete equilibrium and to "about the same amount. We find, then, 
that three great mountain ranges, each of about the same magnitude, 
and the three greatest in the world, agree in showing the same 
phenomenon and to the same degree. This would in itself give great 
support to the supposition that there is a real connection and a 
cause common to all, - There are, besides, within the limits of 
the region now under consideration, two groups of facts, wholly 
independent of each other, and each in its way giving support to 
the deduction that the greater relief of the surface is independent 
of the superficial geological structure, but is directly due to the 
same processes as have given rise to the compensation. 

The first of these is the fact that the course and distribution 
of the principal mountain ranges and the larger features of the relief 
of the ground are not directly determined by the geological structure. 
The point is very clearly brought out in a paper by Dr. Ellsworth 
Huntington, on the Mountains of Turkestan, and can hardly be 
more graphically and succinctly expressed than by three brief 
extracts from his account, in which he consistently writes of the 
Tian Shan Mountains as a plateau and never as a range. ^ 

“ In physiographic terms, the Tian Shan plateau may be described 
as a peneplain which has been highly uplifted and warped, and is 
now in a state of extreme youth ”, * * * The result of these 
geological changes is that, although the internal structure of the 
Tian Shan region is highly mountainous, its external appearance, 
or,, in other words, its geographical aspect, is that of a plateau” 
^ “ The. ridges rise by long gentle slopes to flat summits. 


» Ov>g. Journ., XXV, pp. 22-40, 139-1.^.8 (190.5). 
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where often for many miles the sky-line is an almost straight crest 
from which the rounded slopes of pure white snowfields descend 
gradually toward the basins. Here and there the crest line is 
notched by high passes, the lowest of which are but 1,000 or 2,000 
feet below the top of the ridge. Oftener the summit of the ridge 
is broken into individual mountains, broadly flat topped and of 
nearly equal height.” 

The description of this author is borne out by that of every 
other traveller, and the region appears as one which has undergone 
a very considerable amount of disturbance, accompanied by a 
general compression of the strata, which may have given rise to 
true tectom'c irregularities in the form of the surface. These original 
features had been worn down and the country reduced to a lowland 
type of gentle relief, such as it is the fashion to describe as a peneplain, 
when, at a later date, the country was uplifted and, by the oppor¬ 
tunity so given to the action of denudation, the surface carved into 
steep slopes, and deop-cut valleys, converting a downland plateau 
into the aspect of a series of mountain ratiges. The uplift was not 
uniform, but greater along certain lines than elsewhere, and in some 
cases these lines of greater elevation followed the general course of 
the earlier axes of disturbance of the strata, so that the present 
range of high crests has the appearance of being a true tectonic 
range, but even in these cases the amount of the later elevation 
varies along the length of the range, and the variation has no rela¬ 
tion to the geological structure. More generally, however, there 
seenj^ no direct connection, and the most conspicuous geographical 
feature of the region, the line of mountains running north and south,- 
between the Pamirs and the Plains of Yarkand and Kashgar, 
runs right across the trend of the geological structure. This series 
of mountains is so distinctly ranged along a definite axis that it 
may naturally be regarded as a definite range, and the study of the 
topographical map has even led geologists to infer the existencu of 
a meridional range of true tectonic character. As has already been 
mentioned, the surface observations are opposed to this conclusion,. 
and show that, if the range is in any sense of the word a tectonic 
one the tectonics are more deeply seated than those of the distur¬ 
bance of the rocks near the surface. 

The consideration of this range, which is seen to be probably 
a true range, genetically as well as in superficial appearance, merely 
emphasises the conclusion drawn from the general study of the region. 
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that the broad features of the major relief, as well as the deter¬ 
mination of the more restricted zones of greater uplift, are not the 
result of processes apparent in the structures visible at the surface, 
but of more deeply seated, and possibly quite independent, processes,, 
which are not accessible to surface observations, and are, presumably, 
connected with the cause of compensation. 

The second group of facts has a more direct bearing on tlve 
particular nature of the changes, or processes, which produce the 
compensation. It is known that great earthquakes send out two 
sets of waves, which arc transmitted through the interior of the 
earth and recorded at distant stations. In addition to the record 
of the waves which have travelled by direct courses, there are 
subsidiary records which are attributed to those which have been 
one or more times reflected : though the interpretation of the records 
has been questioned, and is certainly doubtful as to some of the 
supposed twice or more times reflected waves, the concordance of 
a very large proportion of the records seems to have established the 
presence of the two types of singly reflected waves, the condensa¬ 
tional and the distortional, each reflected from a midway point as 
the same form of w'ave. In the mathematical treatment of this 
question it is usual to assume a reflection from the surface of a 
solid sphere, and this is too often taken to mean that it takes place 
at the surface of the earth ; this, however, is impossible, in the case 
of the actual records, for the rocks of which the outer shell of the 
earth is composed are too heterogeneous to transmit a simple form 
of wave-motion without repeated breaking up into waves of more 
than one form, and the constituent rocks have, almost without 
exception, so difl’erent a degree of elasticity in different directions 
that they are incapable of transmitting either of the simple forms of 
wave-motion. The result is, that the simple waves, on entering the 
outer crust, become broken up into more complex forms and lost ; 
consequently, it is not at the surface of the earth that we must 
look for the surface of reflection, but at the under surface of the 
heterogeneous crust, and it is reasonable to find an explanation, 
of the greater or less conspicuousness of the record of the reflected 
waves, in the varying degree of abniptnes.'^ of transition to the 
more uniform material below'. Now it has been observed that, of 
all the earthquakes registered at European observatories, those 
originating in the neighbourhood of the Philippines, that is, those 
which have the central point of reflection under the region of higli 
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rmountains of Kashmir and the Pamirs, give the most conspicuous 
record of the reflected waves, usually even larger than that of the 
•distant ones. 

The obvious interpretation of this is that the transition from 
the outer crust to the underlying material is more than usually 
rapid and sharply defined in the region under the Pamirs, and it 
-is natural to associate this with the changes which have given rise 
to the compensation of this group of mountain ranges, the largest 
and loftiest in the world. And so we reach the same conclusion 
■as was drawn from the gravity observations, that the processes and 
changes, to which the effect is due, are localised, or at least concen¬ 
trated, in the lower part of the crust, or in the layer immediately 
beneath it. 

The conclusion reached in the course of this investigation may 
not be without importance on the geodetic side, as a guide in the 
determination of the nature, and distribution in depth, of the com¬ 
pensation. On the geological side it is of great interest as showing 
that two distinct causes and actions have been at work and must 
be taken into account in any attempt to elucidate the origin of 
mountain ranges. On the one hand, we have the actions which 
have given rise to the disturbance of sedimentary rocks from their 
originally horizontal position, and to the intrusion of igneous rocks 
among them. The well-established importance of trend-lines of 
structure is unimpaired, and to the structure set up in this way, 
•combined with the effects of surface denudation, the details of 
surface form and the course of ridge and valley are due. The 
boundary between hill and plain is often determined by the same 
cause, and to it ranges of hills may sometimes be due, but there is a 
distinct limit to the amount of the difference of elevation which 
can be produced in this way. No exact figure can be given for 
these limits; they are probably incapable of precise numerical 
definition, but the limit of height must be somewhere about 2,000, 
or possibly, 3,000 feet, and the limit of breadth 150 to 200 miles. 
Where the difference becomes greater than this, we must look to 
some other cause than compr^'ssion of the rocks, for the load imposed 
on the crust becomes too great for it to bear, and so the conclusion 
is reached that the larger differences in elevation, and the more 
extensive areas of uplift, arc due to some cause which is independent 
of that which has given rise to the structures revealed by the geolo- 
eical examination of surface rocks. 
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As a speculation this is not new, but the present investigation- 
has given clearer indication of its truth than had previously been 
published, within my knowledge, and more especially has shown, 
in the first place, that the uplift of the higher mountain ranges is 
directly connected with those changes which have given rise to the 
defect of density under the ranges, known as their compensation, 
and, in the second place, that these changes are deep-seated and 
take place, at the lower limit of the outer crust. Of the nature of 
these changes, or the way in which they are brought about, the inves¬ 
tigation gives no direct indication, .but, from the intimate connection 
between the uplift and the coih^cnsation, it follows that the centre 
of gravity of the two is probably at the same avei-age depth, and this, 
according to Mr. Hayford’s investigation, is somewhere about 35 
miles below the surface. Further, the distribution of the departures 
from complete local equilibrium are such as to show that the 
compensation is not the indirect effect of the formation of the moun¬ 
tain ranges, but that it is the primary phenomenon and the originat¬ 
ing cause of the uplift, of which the mountains are the indirect 
result and to which they owe their present altitude. 

List oir Stations and details ojt obsebvations utilised. 

[Note. — Tho Stations in this list belong to two series of observations, 

one based on Tashkent, the other on Tiflis. As the value adopted for tho 

base st.ation in llie foi'int'r diifers from that dctorniined for the same jdaoo 
in the latter, and earlier in point of date, by -015 dyne, a correction of 

this amount has been made at the other stations in order to bring the two 

series into uniformity. Stations of tho soidos ba,sed on Tini.s, to which 
the correction has been applied, are <lisLingui.sticd by an aslerisk. Sjic'Hug 
of place name.s follows I lie Survey of India, or a similar syslem where I he 
name is not to be found on published maps.] 
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Nanabhai Dayabhai Daru. 

I T is with iniicli regret that I have to record the death on 
Sejitemher 26th of Mr. N. D. Daru, Assistant Superintendent 
in this Department. Mr. Daru, after training in England and 
Canada, joined the Ceological Survey of India on December 4th, 
1907, and was eni^doyed at first in reporting on the alum indus¬ 
try in the Salt Range. He was subsequently attached to the 
Central India and Raji'vutana party, and carried out the revision 
of the geological map of Dungarpur State, His natural bent’, 
however, led him rather to the educational side of his subject, 
and he occupied the post of Lecturer on Ceology at the roona 
Engineering College for three years and of Professor of Oo.ology 
at the Presidency College, Madras, for two years. Soon fitter 
llis resumption of field-work in 1916 his health gave way ; he 
returned from leave on medical certificate only in April last, but 
was again compelled to take similar leave alniosr, immediately. 
His early death is sincerely regretted by all his colleag\ics. 


H. H. Haydev. 
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Notes on Structure and Stratigraphy in the 
North-west Punjab. By E. S. Pinfold, B.A., 
F.G.S., Stud.Inst.M.M. (With Plates 4 and s'). 

rilllG search for oil in fche Atto(;k and Kawalpindi districts has 
necessitated a detailed investigation o£ the Tertiary succession in 
this part of India. The older classification has been considerably 
enlarged and the correlation of the local stratigrajAy with that 
of the adjoining regions has shewn that curreiit nomenclature 
needs revision. Such must be my excuse for publishing these 
incomplete notes. 

Prospecting work is necessarily of a difTcrent character from 
those detailed studies which usually form the subjects of geological 
papers. The prospector's maps are sufficient only for economic 
j)iu-poses and his attention is confined to those problems which 
have a direct bearing on the mineral resources of the region 
examined; the purely academic aspects of the geology must be 
subsidiary to his economic work. 

In the Punjab the rock groups are so easily distinguished by 
their lithological characters that their palteontology is of only 
secondary importance and has had to be almost entirely neglected. 
Such an omission, however, is of less importance than may seem 
at first sight, for the stages into which the Tertiary rocks of the 
Punjab have been divided were deposited each under such different 
conditions and are so constant in lithology that later palaeontolo- 
gical research can only confirril the classification baaed on strati- 
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graphic characters. On the other hand, palaeontology must be 
the deciding factor in any correlation of the Punjab succession 
with that of distant regions and the suggestions put forward in 
this paper must await the further description of the fossils before 
they can be accepted as definitely proven. 


PREVIOUS V/ORK. 

The geological survey of this part of the Punjab and the 

adjoining portions of the Northwest Frontier 
Wynne. Province was carried out by Wyniie.^ The small 

scale geological ma})s published with his papers cover the whole 
area and are continuous with Medlicott’s map of Jammu on the 
same scale.® I am glad of this opportunity to acknowledge the 
great assistance Avhich Wyime’s work has been to us in guiding 
our prospecting in north-western India. His maps give the main 
outlines of both stratigraphy and structure and have been found 
to be remarkably accurate considering the large area which he 
covered and the many disadvantages under which he worked. 
Wynne’s survey, affords a good example of thorough work which 
seemed at that time to be of purely scientific interest but which, 
with the advance of our knowledge, is now of great importance 
in the economic devolojunent of the region. 

Wynne shewed th.-xt all the rock groii[)s previously distinguished 
in the Simla region were represcjitcil in the Punjab succession. 
Pic divided the upper Tertiary fresh-water scries into two systems, 
the SLwalik and the Murree, the latter corresponding to the Dagshai 
and possibly also to the Ivasanli beds of the Simla succession. 
W^i^ne subdivided the lower Tertiary limcstoiies into an upper 
series of limestones and shales, which ho correlated with the 
Subathn stage, and a lower series of massive limestones, generally 
referred to as the “ hill Hiirestones,’’ which apparently are not 
represented in the Simla hills. 

■Wynne claimed that there was a gradual passage from the 
massive limestones throiigli the Subathu beds into the fresh-water 
Murree sandstones and shales. In this Wynne was certainly in 
error and it is the persistence of W'ynnc’s ideas of passage from 

ft 

> Rec. Ged. Sur. Ind., Vol. X, p. JOT, (1877); ibid, Vol. XII, p. 100, (1879). 

Qeol. 8ur. Ind., Vol. JX, p. 49, (1876). 
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one aeries to the other which is chiefly responsible for the confu¬ 
sion of nomenclature in recent papers. 

The Hazara hills, which adjoin Wynne’s Punjab work on the 

north and east, were partly mapped by 
Middlemiss: Hazara. , ,, i j. j i hi 

Wynne and the survey w'as completed by Mr. 

Middlemiss. * 

Two representatives of the Punjab succession, the hill lime¬ 
stones and the Murree sandstones and shales, are present, but the 
intervening Subathu series was not recognised. A group of shales— 
the Ktildana series ■ between the limestones and the Murrees was 
separately mapped and occupies a corresponding position to that 
of the Subathu beds in the adjoining regions; these Kuldana beds 
vrere regarded as passage bods between tlie marine limestones 
and the fresh-water sandstones and slialcs of the Murree system. 

Dr. Pilgrim has conflned his attention to the up]icr Tertiary 
Pilgrim fresh-water series, the Murree and Siwalik, 

and it is duo entirely to his work on the 

verttdu’ate fossils of these formations that we can now rccogiiisc 

a definite succession in an otherwise monotonous section of vast 

thichness. 

Wynne’s belief in a gradual passage from Iho limestones to the 
fresh water sandstones and shales had been (jncstioiiod by his 

eoutem])oraries.® Dr. Pilgrim was the first to bring forward decisive 
evidence on this point; he shewed that the vertebrate fossils in 

the Ijusal bed of the Murree series were not older than the Gaj 

whereas tlie fauna of the underlying nuirine beds was of Khirthar 
age.® He thus proved a time gap erjuivalcnt at least to the whole 
of the Nari. The basal bod of the Murree series contains 
locally abundant nummnlites and this fact formed one of Wynne’s 

main arguments in support of Ids sn])poscd passage. Dr. Pilgrim 

shewed that these nummnlites were derived and must therefore 
be regarded as evidence for rather than against unconformity. 

Dr. Pilgrim has now recognised seven disfinct horizons, including 
the basal Murree bone-bed, each cha,ractcrise<l by a <listinct fauna, 
and has been able to correlate these with similar zones in Sind 
and Baluchistan in the west and Jammu and the Siwalik hills in 
the east. 

’ Mem. GeoL Sur. Jnd., Vol. XXVI, (18ft0). 

* Manual of the Geology of India, 2nd Kdn., ]). 3.W. 

»Rec. Oeot. Sur. Ind., Vol. XL, p. 1S8, (1910); Md,\'o\. XLIIl, p. 204. 

b2 
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STRUCTURE. 

The northern boundary of the region described in these notes 

is the Kala Cliitta range which crosses the 
lltnestone ^^^ock and Kawalpindi districts in an 

cast and west direction from the Indus to near 
Golra. This range is formed by massive limestones—principally 
the hill limestones—intensely contorte<l by compression. The lime¬ 
stones have been thrust southwards over the Murrcc roeJes of 
the foot-hills. Eastwards, near Golra, the Kala Chitta range sinks 
to the general level of the foot-hills, becomes much simpler in 
structure and evcmtually tails off in a narrow anticline of Subathu 
beds flanked by the Murreo sci ies at the same topographic level. 

At the eastern end of the Kala Chitta range, about five miles further 
north, another jirnestonc anticlinal rises ea echelon eastwards to form 
the Margala hills. I’his range also is overtlirust to the south and 
Mr. Middlemiss regards this thrust-plane as the structural equivalent 
of the boundary fault in the outer Himalayan foot-hills further cast. 

South and east of the Kala Chitta range and parallel with it is 
a long narrow limestone iiilier, the Khaire Murat ridge. This, 
like the more important northern ranges is over-thrust southwards 
but the structure is otherwise much simpler and in the section on 
the north side of the ridge the limestones are overlain normally 
by Subathu and Murree beds. 

The strike is east and west in the Attock district but in 
Rawalpindi the fold axes swing noi-thwards into the western flank of 
the Tret-Murree synclinal. 

The foot-hills of the limestone ranges are formed bv Murree rocks 

, , . folded isoclinally and diT)piTig steeply 

Isochnal region. . , .■ . i- i 

northwards. The remnants oi anticlinal 

crests arc to be seen in places but more commonly the only 

traces of anticlinal structure arc long narrow outcrops of the upper 

limestone groups. In the west, towards the Indus, the compression 

has been less severe and the synclines are open folds sometimes of 

considerable extent. In this region there is no marked difference 

between the isoclinal zone and that next to be described. 

The isorlinal belt is about twenty miles wide. It is bounded 

Fault zone south by a strike-fault which crosses 

the Indus west of Jand and can be traced 

continuously eastwards through Mianwali village to south of the 
Khaire Murat ridge, a distance of over forty miles. South of this 
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fault the structure is more open and can be completely elucidated. 
For about ten miles across the strike the anticlines are all closer 
folded and most of them are replaced by strike-faults similar in 
character to the Mianwali fault. The general structure in this 
zone is a series of open synclinal basins separated from each other 
by saddles and bounded to the north and south b}'^ strike-faults. 
Four of these faults, including the Mianwali fault, have been mapped. 
All of them extend westwards to the Indus. The Mianwali fault 
extends furthest to the east and the faults diminish in length south¬ 
wards. The most southerly fault occurs near Chhab and can be 
traced eastwards from the Indus for over fifteen miles. This fault 

has all the characters of an ordinarv overthrust and the anticline 

«/ 

to the north of it is the only major anticline which can bo recognised 
in this fault belt. It is closely compressed and a crest can only 
be distinguished at the eastern end of the fold. The other anti¬ 
clines are the saddles between the basins and these pitch sharply 
from tlic point at which they are truncated by the strike-faults to¬ 
wards the synclinal axes. Such are the Meyal, (lulial and Uclihri folds. 
South of the Chhab fault there is a zone of pronounced but 

open folding in which the dominant structure 
ntit m zone. dome. This zone iucliides the Khaur 

and Dh Lilian domes with intervening synclinal notches. Faulting 
is of only minor importance. 

The southerly dips from the crests of those domes merge into 

„ . the northern flank of the Sohau synclinc, a 

Sohan syncline. . , ... i i r 

great depression which can be traced from 

the Murree .synoline through the Attock district and across the 

Indus into the North-West Frontier Province. In the east the axis 

runs southwest but in the Attock district its direction is almost 

« 

due east and west and it preserves this direction across the Indus 
unaffected by the northward bend of the Salt Range. 

The south flank of the Sohan synclirie in the west is a w'ide 
stretch of Upper Siwalik rocks dipping northwards at very low 
angles. Except for minor warps this northerly dip is uninterrupted. 
Further cast, however, in the Rawalpindi and Jhebim districts the 
structure is more complex and the .southern flank of the main synclinal 
is made up of a series of narrow anticlines and more open ayneJines. 
The nuramulitic limestones again emerge from beneath the 


The Sait Range. 


Siwalik beds in the Salt Range, but the structure 
here is essentially different from that in the 
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northern limestone hills. The dips in the limestone plateau which 
forms the summit of the Salt Kangc are for the most part gentle 
and the folds low and open. In the extreme cast the Salt Range 
bends round to the northeast and enters- the Murree synclinal at 
a normal anticline. In the Salt Range x)roi)er, where the strike 
is east and west, and in the great northerly bend into the Indus 
valley, there is a strong suggestion that vertical movements of 
uplift and subsidence have played a more important part in the 
shaping of the range than lateral^ compression. Movements in a 
vertical plane may have determined the general form of the range 
and lateral compression, effective at a later stage, determined 
the minor structural features. Anticlines, sometimes closely com¬ 
pressed, have been thrown up along the minor faults accompanied 
b}’’ overthrusting towards the downthrow. Such an interpreta¬ 
tion would account for many features otherwise difficult to 
explain. For example, the Salt Range is a sudden interrup¬ 
tion in a region of low dips and is thus in marked contrast to the 
northern Imiestone ranges which form x)art of the Himalayan foot¬ 
hills ; it swings abruptly northwards into the Indus valley and 
this sharp change in strike is not reflected in the fold axes further 
north ; folding and over-thrusting along the transverse faults have 
resulted in a medley of minor folds with variable and adventitious 
strikes, so much so, that adjacent j)ortions of the range have been 
folded and overthrust in opposite directions. 

From the above brief ou1i[|ne it will be seen that in this j)art 

of the Punjab there is a gradual passage 
Sutnmaiy. from the complex folding and over-thrusting 

of the northern limestone ranges into the low-dipping Sohan basin 
and the block structure of the Salt Range, the intermediate stages 
being firstly the isoclinal folding of the foot-hills, next the zone 
of great strike-faults and synclinal basins, and thirdly, the open 
but pronounced folding of Jura type in the anticlinal belt. Such 
a succession of structural types is perhaps unequalled elsewhere 
in India. 

STRATIGRAPHY. 


The Limestone^Murree Succession. 

Near the village of Chharat, about five miles northwest of 

Fatehjang, there is an anticline of nummulitic 
Succession at Chharat. Miiixee beds to the north and f- outh 
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in which the complete succession in the upper limestones is ei posed. 
The structure of the linicstone outcrop was found to be so coniplcx 
that large-scale detailed mai)piiig was necessary and it was only after 
some weeks that the structure was understood and the succession 
established. The section of nmnmulitic rocks at Chharat is more 
complete than at any other locality since examined. The following 
rock series could be distinguished ;— 

6. Murrec sandstones and shales. 

6. Basal Murree sandstones witli vertebrate remains. 

4. Nuniiuulitc shah's with thiji bands of limestone. 

3. Tliin-beddcd limestones and green«shales. 

2. Variegated shales with bleached limestone bands. 

1. Chalky gypsiferous limestones with ochreous beds^ 
passing down into more massive limestones. 

All these groujis are well exposed in a north and south stream 
east of Chharat and- the section here is illustrated in Plate 5. In 
this section the beds have been repeated by minor thrust-faults, 
which are a characteristic feature of the Chharat structure; in 
another section no less than six of these minor thrusts occur within 
a mile across the strike. / 

i. Maftsive LimeftioneH and Punsnge Beds. 

The lowest rocks exposed at Chharat are massive limestones— 
the uppermost layers of the hill limestones. These are light 
grey and white limestones containing a few small niunmulites but 
more generally barren of fossils. In the Tv ala Chitta hills the 
limestones are exposed in much greater thickness, dark grey in 
colour and fetid. The limestones i)ass up conformably into the next' 
higher stage and the passage beds are of special interest. They 
are white, chalky limestones containing in plac es fibrous gyj)suin 
and calcite. Some beds are ochreous. A characteristic mineral of 
this horizon is native sulphur, which occurs as small crystals or 
thin plates in the more shaly parts of the limestones. This horizon 
gives rise to the main oil seepages at Chliarat, Colra and Kutta 
Hotar. No definite boundary can be drawn between these gypsi¬ 
ferous, sulphur-bearing limestones and the massive hill limestones. - 

2. Variegnied Shales. 

The pa,ssage beds are succeeded conformably and without 
any clear break either in sedimentation or lithology by a series 
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of brightly coloured shales with thin bleached limestone bands. 
The shales vary in colour from reddish purple to indigo and green. 
They contain beds of fibrous gypsum especially abundant in the 
lower beds. The thin limestone bands are dark grey, becoming 
lighter in colour and thicker towards the base of the series. The 
thickness of this stage is 300 to 500 feet. 

The shales contain vertebrate remains, Gavialis and chelonian 
plates being the commonest, but as yet none of the forms can be 
recognised .. specifically. The bones are preserved in a different 
manner from those of the Murree and Siwalik and are easily 
distinguished from them by their highly glazed surface. The 
grey limestone bands contain Planorbis, often in considerable 
abundance. 

It will be seen, therefore, that this stage, unlike those imme¬ 
diately above and below it, is not marine but brackish or fresh-water 
in origin. The fact that this stage is succeeded by beds which are 
definitely marine is important in that it proves that this fresh-water 
series belongs properly to the limestones and is entirely separate 
and distinct from the Murree fresh-water scries. 


3. Limestones and Shales. 

The next higher stage consists of about 100 to 200 feet of green 
shales with white limestone bands. The shales contain small 
nummulites in their uppermost beds, but are otherwise barren. 
The limestones contain abundant casts of lamellibi'anchs and 
gasteropods and some beds are crowded with a small thin-shelled 
Ostrea. A larger Osirea., also thin-shelled, occurs less frequently. 

Q’his horizon is readily distinguished by its marine fossils from 
that last described, but there is nothing to indicate the presence 
of any discontinuity. 


4. Nummulife Shales. 

I'ne highest marine rocks known at Chharat are thin but 
persistent greenish shales formed almost entirely of nummulite 
tests. These rocks are so loosely compacted that it is impossible 
to prepare a hand specimen, for at the first touch of the hammer 
the rock breaks up into its component nummulites. Occasionally, 
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thin beds have been cemented to form hard limestone bands but 
these are exceptional. The only fossil other than numraulitos is 
a thick-shelled globose oyster. 

The Nmnmulite shales resemble certain beds of the Spintangi 
limestone near Snkkur and in BoJuchistan. One horizon near Snkkur 
contains the same peculiar association of a globose oyster with 
inmimulitcs. Altliough Iho S})intangi limestone is sometimes a loosely 
compacted nuniinnlitic shale there is generally a calcareous matrix, 
which is absent from the Punjab beds. 

It has been suggested that the Nummulite .shales arc only the 
lower part of the Murree basal conglomerate and that the numinu- 
lites of which they are composed have all been derived from some 
low’^cr marine group. This suggestion, howevci-, is quite untenable. 
I have tracctl this bed across country continuously for many miles 
and nowhere has it any a])pearance of a basal bed. The contained 
oysters are of special interest hi this connection, for they* very gene¬ 
rally occur vHth valves united and never shew any signs of attrition. 
Further, there is an entire absence of the matrix or pebbles that 
should be present if the Numniulite shales W(‘,rc basal beds of the 
overlying fresh-w^atcr series. 

This horizon is extraordinarily persistent in the most complex 
structure and this character, combined with its distinctive lithology, 
makes it the most useful hod for mapping purposes of all the lime- 
^stonc series. These shales frequently form narrow inlicrs along 
the crests of closely compressed anticlines in the isoclinal region. 
The older geologists apjiareiitly considered these exposures to bo 
interbedded with the Murree series and regarded them as evidence 
for a passage from one series to another. Wl)cii those outcrops 
are tr.aced along the strike, however, the next lower limestone bed 
can often be found at the crest of the fold and very generally the 
dips in the Murree sandstones on cither flank indicate the presence 
of anticlinal folding. 

No higher marine beds have been seen in any section so far 
examined and the Nummulite shales are ajiparcntly the highest 
marine series in this part of India. 

The great compression which lias affected all the limestone 
series makes it very difficult to determine the thickness of each 
stage. The Nummulite shales, in the simpler sections, range from 
50 to over 200 feet. 
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5. Basal Murree Sandstone. 

4 

The thin basal beds of the Murree series have been fully described 
by Dr. Pilgrim. They are brown ochreous sandstones with subor¬ 
dinate shales and much pseudo-conglomerate. They are about two 
hundred feet thick and contain abundant vertebrate remains. 

The actual base of the Murree series is well exposed in the stream 
section east of Chharat. Derived nuniinulites are scattered 
irregularly through the basal sandstones and in places there is a 
conglomerate with limestone pebbles. The junction is irregular 
but there is no discordance of dip or strike. 

The source of the derived nummiilitcs is undoubtedly the 
Nummulitc shales. These shales arc easily weathered into a loose 
nummulitic sand which forms the matrix of the gravels now being 
deposited by the streams which cross the shale outcroj). The 
other characteristic fossil of the Niimmulite shales, the thick- 

4 

shelled oyster, frequently occurs more or less water-worn in the 
Murree basal conglomerate. 

The abundant vertebrate fauna yielded by these beds has beeji 
described by Dr. Pilgrim. lie refers to this horizon as the 
*■ Kuldana series ” on the assumption that it is the equivalent of 
the supposed pa.'Jsage beds between the limestones and Murree beds 
in the Hazara region. It will be shewn below, however, that thei e is 
good reason to su]:)pose that the Kuldanas are an inferior Eocene 
stage equivalent to the variegated shales (stage 2) of the Chharat 
succession. It seems advisable, therefore, that a local name should 
be ap])lied to this horizon and I would suggest that the basal Murree 
bone-beds be called the “ Fatehjang zone ” after the principal town 
of the area in which they are best exposed. 

6', Murree. Series. ■ 

The Murree beds are a succession of dark grey or purple sand¬ 
stones interbedded with pur])le shales. The sandstones and shales 
are about equal in amount, individual beds being usually fifty 
to over a hundred feet thick. The sandstones contain many of 
the peculiar beds called by Wynne “ pseudo-conglomerates but 
these are not confined to the Murrees and occur thi’oughout the 
fresh-water rocks up to the Middle Siwaliks, The Murree shales 
arc reddish-purple in colour, veined with calcite and containing 
patches of calcareous nodules. 
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The stages distinguished at Chharat were found to be constant 

. throughout the foot-hills of the northern 
Other areas: Pannoba. , - ^ j 1.1. • • 1 j. i • 

limestone ranges and their equivalent horizons 

were recognised in all sections examined subsequently. 

In the extreme west of the Attoc*,k district a limestone anticline 
crosses the Indus at Dandit and rises westwards into the Kohat 
hills. The lowest rocks seen in this anticline have all the characters 
of the massive grey limestones which form the lowest stage of the 
Chharat succession. These are overlain by about 700 feet of green 
shales with white and yellow limestone bands and red shales above. 
The uppermost bed of the limestone series is a massive limestone 
about 30 feet thick. In this section the green and red shales appear 
to be equivalent to the variegated shales (stage 2) at Chharat, 
the upper limestone bed may be a rc<luccd representative of the 
limdRtones and shales (stage 3) which overlie these beds at Chharat, 
and the Nummulite shale stage is absent-. 

Wynne has mapped the limestones in this part of the North- 
West Frontier Province and records that the red and green shales 
contain Planorhis and bone fragments, thus continuing the above 
correlation and demonstrating the persistent character of this. 
Eocene fresh-water stage. 

The Mun’ee rocks of this region call for no separate descrijhion 
for they are similar in every way to the same rocks at Chharat. 
The basal Murree bone bed has not vet been observed west of the 
Indus. 


Eastwards from Chharat the foot-hills of the Kala Chitta range 

w'crc ma}>pc<l in detail up to the Margala over- 
azara. thrust. The Kala Chitta l-hrust was found to 

die out gradually and, one by one, the uppej- lime.stonc stages 
emerged along the south side of the fault. Eventually, at the 
eastern end of the hills, ihe succession is coni])lete on both the north 
and south flanks of the anticline and all the Chharat stages are 
present and easily recognisable. The Nummulite shales form a 
thin ribbon-like outcrop immediately within the Muriee series and 
they are exactly similar to their connierparts rd- ("hharat. Ihe 
next lower stage, shales and limestones with internal casts, are 
w^ell represented in noimal position, csjjeciallv on the nojth side 
of the fold ; they appear to be somewhat thicker than at Chhaiat 
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.and less calcareous. Stage 2, tlie fresh-water shales, are highly 
gypsiferous, but similar in all other respects to the variegated shales 
of the Chharat section. -The lowest stage, the massive hill lime¬ 
stones, occurs along the centre of the fold as a series of lenticular 
outcrops marking interruptions in the general easterly pitch. 

The anticlinal axis persists beyond Golra and is eventually 
truncated by the Hazara thrust-fault. The same rock stages are 
to bo seen here as further west but they appear to have siihered 
severely in the general compression. Both the upper limestone 
stages are occasionally absent owing either to faulting or uncon¬ 
formity. 

Tlie Chharat succession was thus traced continuously acioss 
country into contact with the Hazara region described by Mr. 
Middlemiss. 1'he Kulduna series, which occupies the place ^ of 
the Subathu beds in the Hazara succession, was examined at Ilutta 
Hotar and this outcrop was traced along the hill-side to wnthin 
a few yards of the Golra anticline. The lithological chfiracters 
of the Kuldana shales arc exactly those of the variegated shales, 
stage 2, of the Chharat section. They are pm’plc and indigo 
shales with thin white and grey lime^one bands. No Planorlns 
was foimd in them but a brief search shewed the presence of small 
shells suggestive of Limnma. 

The main arguments for regarding the Kuldana shales as the 
equivalent of the variegated fresh-water shales at Chharat are :— 

(1) the outcrops of tlie two series have been traced continu¬ 

ously from one region to the other, the only interrup¬ 
tion being at the Hazara fault; 

(2) the stratigraphic position of the two series, viz., imme¬ 

diately above and con formable with the hill limestones; 

(3) their similar lithology ; 

(4) the oil-seepage at Rutta Hotar occurs at the junction of 

the Kuldana shales with the hill limestones. and thus 
occupies an exactly similar position, stratigraphically, 
to the main oil-acopages at Chharat and else\rhere; 

Further reference to the sections described hy Mr. Middlemiss 
suggest that in other parts of Hazara the higher marine stages 
may be represented. ^ 
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If I am correct in affirming the equivalence of these two stages 
. it will be seen that the Kuldanas cannot be 

conStormity***^”* ***** P^-ssage beds between the limestones and the 

Murrees. The higher marine stages (3 and 4) 
of the Cliharat succession would intervene if the sequence were 
complete. Further, the pabcoiitological evidence brought forward 
by Dr. Pilgrim shews that there is a wide hiatus and true unconfor¬ 
mity between the Murree and these limestone stages. I'he 
Kuldanas, therefore, must be looked upon as the Subathu bods 
of the Hazara succession. 

Wynne believed that there was no unconformity between the 
Murrees and the lower nunmiulitic stages and Mr. Middleiniss 
adopted Wynne’s view when completing his work in Hazara. The 
marked resemblance between the Kuldana shale,s and the Murree 
shales (both must have been deposited under somewhat similar 
conditions) also pointed to the same conclusion, more especially 
when it is remembered that the whole of the foot-hill country in 
which any sort of junction can be observed is a scries of isoclinal 
folds or overthrusts. 

Tile evidence for unconformitv in sections further south is, 

I think, conclusive. At the eastern end 
of the Khaire Murat ridge the Murree beds 
rest directly on the massive hill limestones. 
Further w'est, for instance in the Chorgali section described in 
detail by Wynne,^ a shale and limestone series intervenes between 
the Murrees and the hill limestones. These limestones and shales 
increase in thickness westwards and, at the western end of the ridge, 
ar^ the only limestones exposed. The limestone and shale scries 
is identical in character and undoubtedly e((uivalent to the 
variegated shale series at Chharat. The shales arc red, purple, 
or indigo and the limestone bantls contain abundant Planorhis 
exactly similar to the Cliharat forms. 

The two upper marine stages are absent, as is also the varie¬ 
gated shale series at the eastern end of the ridge. The Murroc 
beds immediately overlying the limestones contain fairly abundant 
vertebrate remains and have all the characters of the basal Murrees 
at Chharat. 

There is thus good evidence for unconformity and transgi-ession 
along the Khaire Murat ridge itself and more definitely from a 


The Khaire Murat 
ridge. 


^ Bee. QtdL, 8ur. Ind.^ Vol. X, pt. 3, p. 118. _ 
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comparison of the Khaire Murat sections with that described at 
Chharat, The Murrec limestone boundary along the north side of 
the ridge is normal and there is' no trace of faulting. In the 
t-'horgali section there is a well-marked basal conglomerate con¬ 
taining large sub-angular boulders of limestone and derived 
nummulites. In the western part of the range this basal conglo¬ 
merate is not so well-marked, but it is repl|iced by a hard massive 
nodular limestone bed about ten feet in thickness which suggests 
a re-cemented limestone conglomerate. 


In the Sait Kange the only representative of the northern lime¬ 
stones is the massive mimmulitic limestone of 
e a ange. j)lateau. This limestone is similar in 

lithological character to the hill limestones of the Khaire Murat 
ridge and the Kala Chitta hills and must be regarded as their ccjuiva- 
Icnt. The main difference is the reduced thickness of these rocks 
in d'hc Salt Kange. No representatives of the upper limestone and 
shale series (8ubcathu) arc known. 


In that arm of the^ range which runs northwards into the Indus 
valley the uppermost limestoTi''s contain native sulphur a,n<l oil 
and there is thus a strong iiidicatioji that \vc have here the “ passage 
bods ’ at the top of the hill limestones of the (hharat successioti. 
Flirtiier, in this area the basal beds of tlie overlying Siwalik rocks 
contain deriveil nummulites similar to those in the Murree basal 
bed at Chharat and, in view’’ of the supposed source of these mimniu- 
lites, there is a suggestion that the Subathii bods are not far to the 
east bcloAV the Siwalik base. 


In many sections in the Salt Bange there is a well-marked 
conglomerate of limestone boulders at the junction of the lime¬ 
stones and Siwaliks. In places this conglomerate is over twenty 
feet thick but elsewhere the conglomerate is absent and its place 
taken by a hard nodular limestone bed similar to that at Khaire 
Murat. 

In a later paragraph it wdll be shewn that the basal bods of the 
Upper Tertiary fresh-water system in the Salt Range are of Lower 
Siwalik age and that the whole of the Murree series is absent owing 
to unconformity and overlap. 
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There seems little room for doubt that Wynne was correct in 

correlating the upper limestones ami shales 
Nomenclature and q£ succession in this part of the Punjab 
correa on. Subathu beds of the Simla region 

and Jammu. *In Simla and Jammu, however^ the Subathu beds 
are described as entirely marine and there is no mention of any 
subdivision into two or more stages. The section of these rocks 
at Chharat thus appears to be more complete and is known 
in gi'cater detail than that of the region in which they were first 
described. Pending a more detailed examination of the Subathu 
beds in the Simla region it seems advisable to adopt local names 
for the two divisions, the on© fresh-water and the other marine, 
which have been distinguished in the Subathu beds of Chharat. 

The lower fresh-water shales (stage 2) will be referred to as 
the “ Lower Chharat stage ” and the two upper marine series— 
the Nunnnulite shales and the limestones and shales--will be placed 
together in the “ Uy)per Chharat stage.” Both the Chharat stages 
are present aUuig the foot of the Kala Chitta and Margala hills, 
but only the Lower Chharat stage is known at Khaire Murat. It 
is the Jjowei- Chharat stage which is equivalent to the Kuldanas 
of Hazara. 

The (jomplete succession at Chharat with the nomenclature 
suggested above is :— 

?>'Iurrec-* series. 

Fatchjiing zone. 

Uticniif<',rm.ily — 

Upper Cljh.ir.it stige 

Lower (1ih.ir.it .sstigo . 

HiU li mestones . 


Niunniulite shales 
LiniC!i»t )i)e.s and ah des. 

sii.d'S u'lth J'lunirhi^ aid 
bone fia<ii!ieii(s. 

.'\liissi\e Imie'itoiii's wth Ixxis 

:t,l)ove. 


Any attempt to correlate this section with those of Baluchistan 
and Sind must be fraught wdth considerable uncertainty and it is 
doubtful whether further work, other than the detailed study of 
the contained faunas, will assist us, as there is a wide gap between 
the Subathu beds of the North-West Frontier Province and the most 
northerly outcrops of the Khirthar stage of Baluchistan in the i)era 
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Ismail Khan and Dera Ghazi Khan districts. There is, however, 
sufficient parallelism in the two successions to suggest a possible 
correlation. The Upper Chharat stage has certain characters in 
common with the Spintangi limestone and both the NummuUte 
shales and the limestones and shales are similar to the indivi<iual 
beds of which the Rpintangi limestone, as seen at Sukkur and 
in the Marri Bugti Hills, is composed. 

The tentative correlation of the Upper Chharat stage with the 
Spintangi limestone receives further support from the fact that 
both are underlain by a scries of fresh-water gypsiferous shales—■ 
the Lower Chharat stage of the Punjab and the Ghazij shales of 
Baluchistan. 

'!f'hc Punjab Hill limestones below the fresh-water stage liiid 
their Baluchistan equivalent in the thin nummulitic limestones 
and shales at the top of the Diinghan limestones. The Cardita 
heaumonti zone which occurs lower in the Dunghans is paralleled 
by the Cardita beaumonti shales at the base of the Salt Ranges 
nummulitic limestones and is the only palajontological reference 
horizon known, as yet, to be common to the Baluchistan and Punjab 
successions. 

This correlation, if correct, would bo of special interest from an 
oil point of \'iew, as it would indicate an identical horizon for the 
main oil-seepages of the twn regions; most of the Baluchistan 
seepages arc located at the junction of the Dunghan beds with the 
overlying Ghazij shales just as the Punjab seepages are at the 
junction of the hill limestones with the fresh-water shales of the 
IjOM'^er Chharat stage. 

ITie above correlation is given in talndar form at the end of this 
paper. 


The Murree-Siwalik Succession. 

In the Chharat section two stages of the Mmree scries were 
recognised, viz., the thin basal beds with vertebrate remains, or 
Fatehjang zone, and the purple sandstones and shales which form 
the Murree series proper. The Fatehjang beds have been observed 
oidy in the Chharat anticline and along the north side of the Khaire 
Murat ridge. The complex structure of the isoclinal region, which 
corresponds roughly with the Murree outcrop, makes it extremely 
difficult to ascertain the thickness of this great group, to attempt 
its subdivision, or to determine its relations to the overlying Siwaliks. 
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Wynne mapped the Mianwali fault as the southern boundary 
of the Murree outcrop. South of the fault he maps a narrow belt 
of Murree beds along the north flank of the Salt Bange and three 
Murree inliers on the north flank of the Sohan syncline. With the 
exception of one inlier (along the crest of the Khaur anticline) 
all these supposed Murree rocks must be referred to the Lower 
Siwaliks. North of the Mianwali fault, at about the 11th mile on 
the Pindigheb-Basal road, I have found vertebrate remains and true 
conglomerates, which suggest that these rocks also are Siwalik 
in age and not Murree as shewn on Wynne’s map. With these 
few exceptions, however, Wynne’s boundary has been confirmed 
by my own more deliberate work. 


North of the Khaire Murat ridge there is a fairly continuous 
, section through Murree rocks dipping north- 
pper urreesage. jopgl complications. The Tower 

part of this section is in purple sandstones and shales of the usual 
Murree type, but there is a distinct change in the upper beds. These 
are of Siwalik type and at the time the section was examined they 
.were mapped as such. Later work has shewn that the top of 
these beds and the base of the next overlying stage should prefer¬ 
ably be regarded as the Murree-Siwalik boundary and therefore 
the uppermost portion of the Khaire Murat section must be relegated 
to the Murree series. They arc easily distinguished from the purple 
Murree beds and therefore constitute a separate stage—^the Upper 
Murree stage. These rocks are pepper and salt sandstones with 
red and grey shales. The sandstones are much softer and more 
easily weathered than the sandstones of the Lower Murree stage. 
Similar beds were observed northeast of Rawalpindi but here their 


relations to the adjacent rock groups are obscured by alluvium. 
The same rocks can be recognised also on' the south side of the 
Khaire Murat ridge, where they occupy a narrow zone of complex 
structure between the limestones and the basal Siwalik beds. 


This Upper Murree stage may correspond with the Kasauli 
beds of the Simla region. The Uagshai beds are similar in litholo¬ 
gical character to the Lower Murree stage and the Kasauli beds 
resemble the Upper Murrees in that their sandscones are softer 
and lighter in colour than the Dagshai sandstoiies. The Upper 
Murree rocks differ from the Kasauli beds in that they are not 
essentially a sandstone series, but are composed of sandstones and 
shales in about equal proportions. 
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The various 


SIwallk 
Kamiial beds. 


zones into which the Siwalik rocks have been 
subdivided are well exposed in the open 

series : structures on the north flank of the Sohan 
synclinc. The lowest rocks exposed here, 

with the exception of the Murree inlier at Khaur, are massive 

sandstones and purple shales having a marked resemblance to the rocks 

of the Lower Murree stage. They are distinguished from the latter by 
the fact that they contain abundant vertebrate remains. These 
rocks have been named the “ Kamiial beds ” after the large village 
of that name near the area in which they are best exposed ; Kamiial 
itself is situated on rocks at a higher horizon (Plate 4). 


The Kamiial beds are about 900 feet in thickness. The sand¬ 
stones are harder and more massive than either the overlying 
Siwalik sandstones or the Upper Murree beds and in consetpience 
the Kamiial beds form pronounced strike ridges which can be 
traced across country for many miles. The best example is tlie 
Ohirpar hills, W'hich run parallel to the Khaire Murat ridge and then 
eastwards across the Rawalpindi district into Jammu. These beds 
are also responsible for the scarps round the crest of the Khaur 
dome. 


The Kamiial beds contain the lowest known vertebrate fauna 
above the Fatehjang zone and for this reason they have been 
mapped as the basal beds of the Siwalik system in this part 
of India. This has since been confirmed by Dr. Pilgrim after an 
examination of their fossils; he correlates the Kamiial zone with 
the lowest vertebrate horizon of the Manchhar scries in Sind.^ 
The relations of the Kamiial beds (basal Swalik) to the next 

underlying stage (Upper Murree) are there- 
tlon***^*^***^*^****^ ^***'^' special interest. In the Chirpar hills 

the two stages are seen in contact without 
discordance of strike or dip, but the structure here is so severely 
compressed that it would be unsafe to draw any definite conclusions 
as to the presence or absence of unconformity from this section 
alone. In the Khaur dome, however, the structure is perfectly 
simple. Inside the pronounced ridges formed by the Kamiial beds 
there is a narrow outcrop of soft white sandstones and red shales 
similar to the Upper Murree beds of the Khaire Murat region. 
Over 1,500 feet of these rocks are now known to be present at 


1 Qtd. Sur. Ind., Vol. XLVIII, p. 98 (1917). 
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Kliaur and their lithology and stratigraphic position indicate that 
they are the Upper Murree beds of more northern sections. This 
outcrop extends along the crest of the dome for over four miles and 
both surface evidence and well-logs shew an exact parallelism of 
structure between the Upper Murree and the Kamial beds. The 

actual junction is well exposed and there is no trace of a basal 

conglomerate. My colleague, Dr. Bleeck, has observed minor 
unconformities between the sandstone and shale beds, but these 
Dccur at various horizons and arc of only local significance. 

Thus, in the only sections in which the Murree and Siwalik 
series are known in simple contact, there is no evidence for 

unconformity; on the contrary, there is a .clear indication that 

deposition was continuous from one series to the other. 

The Lower Manchhar horizon of the Bugti hills is separated 

from the (laj hone bed by a pronounced 
serie** Murree unconformity.^ We have seen above, however, 

that in the Punjab there appears to have 
been continuous dejiosition frojii the P'atehjang zone ((*aj) to the 
Kamlial beds (Lower Manchhar). The Murree series thus occupies 
the hiatus in the Bngti succession and is equivalent (with the 
Fatehjang zone) to the Gaj stage of the Sind Tertiary. 


Lower 
ChinjJ beds. 


Overlying the Kamlial beds at Khaur and south of the Chirpar 

hills is a scries of red and grey shales with 
Siwallks : gubordinte soft sandstones. These beds contain 
abundant vertebrate remains and this distin¬ 
guishes them from the Upper Murree beds which they resemble 
in lithology. These beds are the Chinji or Lower Siwalik stage 
of Dr. Pilgrim’s papers. They occupy the crest area of the 
Dhulian dome and occur in narrow zones along the main strike- 
faults. They are about 4,000 feet in thickness and they appear 
to rest quite conformably on the Kamlial beds. 

The rock immediately overlying the Chinji beds is a thin hard 

Middle Siwalik. sandstone which forma a low but pronounced 

ridge all round the Chinji outcrop and is 
especially well-marked on the south flanks of the Khaur and Dhulian 
folds. Above this bed is a series of sandstones with subordinate 
-orange or brown shales. The sandstones are conglomeratic with 


* Pilgrim, Pal Ind., New Series, Vol. IV, Mem. No. 2 (1912). 
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pebbles of limestones and quartzites. Dr. Pilgrim records a prolificr 
fossil zone some distance above tbe base of this series.^ 


There is an increase in the conglomeratic character of the Middle 

Siwalik sandstones as wo pass upwards and' 
Upper Siwallk. there seems to be a gradual passage into 

massive conglomerates of considerable thickness. Near Injra, in*- 
the centre of the Sohan basin, these conglomerates are interbedded 
with white sandstones and bright red clays. 


The conglomerates overlap many of the older rocks and it seems 
possible that they are continuous with the recent conglomerates 
of the alluvium and river gravels. Both the older conglomerates 
and, to a lesser extent, the recent alluvium have been affected by 
earth movements. The structure in the massive conglomerates 
conforms to that of the underlying formations except when they 
overlap on to older rocks. An interesting instance of movement 
in recent beds is to be seen at Golra on the south side of the 
Kala Chitta anticline where a conglomerate of limestone boulders, 
which apparently forms the base of the alluvium, dips vertically,- 
indicating considerable earth movement since its deposition. 


The section along the north side of the Salt Range down to ther 

base of the Chinji beds is quite clear and the 
*^“”**® Middle and Lower Siwalik rocks are similar 
in thickness and lithology to the same rocks 
on the north side of the Sohan basin. The Upper Siwalik conglo¬ 
merates are underlain by the Middle Siwalik sandstones at the base- 
of which is a well-mark^Kl ridge sandstone. The village of Chinji< 
is situated on a dip slope and scarp formed by this bod. The Chinji 
beds of the Salt Range are also similar in thickness and lithology 
to the corresponding rocks in the Khaur and Dhulian anticlines.- 

The Chinji beds south of Chinji are underlain by about 600- 
feet of massive sandstones with a few thin shales. The sandstones- 
contain fossil wood. There is a perfectly gradual passage from 
the Chinji beds to this sandstone series. It will be seen, there¬ 
fore, that these sandstones occupy a corresponding position to - 
the Kamlial beds of the northern sections and must be regarded* 


* Rec. Oeol. Snr. Jnd., Vol, XL, p. 191 (1910), 
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equivalent to them. They are therefore of Lower Siwalik age 
and not Murree as was claimed by Wynne. 

These beds differ in some respects from the northern Kamlial 
beds more especially in the absence of purple shales and vertebrate 
fossils. These differences, however, are sufficiently explained by 
the different conditions under which the rocks were deposited; 
the Kamlial beds in the northei’u sections indicate merely a slight 
alteration in the conditions under which the Upper Tertiary rocks 
•were laid down; they form part of a continuous series of fresh¬ 
water deposits. In the Salt Kange, however, these beds are. the 
actual base of the fresh-water Tertiary for they rest with un- 
<;onformity and a marked basal conglomerate on the limestones. 
Vertebrate fossils have been recorded from near the base of this 
zone by Theobald.^ 

Both to the east and to the west of the Chinji section these 
basal beds change in character; they increase in thickness and 
include a larger proportion of purple clays. They are then similar 
in character to the Kamlial beds and Lower Murree stage, but 
from their stratigraphic relations and contained fossils there seems 
no doubt that these beds are of Lower Siwalik age and equivalent 
to the Kamlial beds of northern sections. 


There appears, therefore, in this part of India to be a continuous 
Summary section from the lowest Murree rocks to the 

Upper Siwaliks and the following stages can 

ffie distinguished :— 


Upper Siwal.k .... Conglomerates and sandstones. 

Middle Siwalik .... Sandstones and subordinate shales. 

Lo ver Swalik f beds . Rod shales and sandstones. 

C Kamlial bods . Dark sandstones and shales of Lower 

Murree type. Massive sandstones 
and few shales south of Chinji. 

Upper Murree . . . . Soft sandstones and red shales of 

Siwalik tyx>e. 

Lower Muireo .... Purple sandstonas and shales. 
Fatehjang zone .... Brown sandstones with vertebrates. 


1 Manual of the Geology of India, 2nd Ed., p. 355. 
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It will be seen from my fiequent references to bis papers how 

. , , , much I am indebted to Dr. Pilgrim and it 

Acknowledgments. , , , . .x. x t jj j 

was only at nis suggestion that I added the 

brief description of the Mun’ce-Siwalik succession. The correla¬ 
tion of Murree and Siwalik horizons in the adjoined table is based 
entirely on Dr. Pilgrim’s work. I have also to thank other members- 
of the Geological Survey, more especially Drs. Hayden and Pascoe 
and Mr. Cotter, for much friendly criticism and advice with regard 


to the present note and for constant and greatly valued assistance 
throughout the course of my prospecting w'ork in India a7id Burma. 



Correlation Table of the Punjab Tertiary Succession. 
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y.B .—^Thick lines indicate unconformities. 
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Note on the Aquamarine Mines of Daso on the 
Braldu River, Shigar Valley, Baltistan. By C. S. 
Middlemiss, C.I.E., F.G.S., and Lala Joti Parshad, 
B.A., F.G.S., Mineral Survey of Jammu and Kashmir 
State. (With Plates 6 to lo). 


Occurrences in India. 


A QUAMAKINl is one of those gem-stones of moderate value, 
which, though never comparable in this 
nfr uct on. respect; either with the diamond, ruby, 
sapphire, or with its sister stone the emerald, is nevertheless a 
pleasing and attractive stone for many purposes, and, whilst always 
•commanding a fair amount of patronage, may at any moment 
become of considerable importance and in great demand whenever 
fashion so dictates. 

Whilst it has many natural homes in other parts of the world 
its occurrence in any quantity and value in 
India has hitherto only been recorded from 
Padiyur near Kangayam in the Coimbatore district of Madras; 
and, even there, the source has either been lost or exhausted, for 
tlie locality has remained unworked since the year 1818. In any 
case the Padiyur area (which one of us had the opportunit)' of 
seeing some 20 years ago) is very deeply covered in by alluvium 
and other surface deposits, so that no extensive outcrops of the 
immediate matrix or .surrounding country rock are at all likely to 
he discovered. 

Hence the Kashmir deposits of Daso are a!njo.st unique in India 
at present as a source of this stone; and, 
inasmuch as they erive ])romise of great rich¬ 
ness and extension, in fully expo.scd outcrops, in a country where 
soil and vegetation are restricted, it is anticipat(‘d that they may 
presently enjoy a practical monopoly of the attention of .seekers 
after this much admired gem. 

The history of their discovery is briefly as followsIn July 
1912, when one of ns (Mr. Joti Parshad) was 
■discovwy!! investigating the serpentine occurrences 

in the Shigar valley of Skardu Tchsil, in the 
course of his professional work for the Mining Department in 


Kashmir deposits. 
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Kaslimir, he accidentally came across a piece of aquamarine in the 
possession of one Abdul Rahman, a Zamindar of Niyit village (near 
Daso) in the Braldu valley. On enquiry, it was ascertained that a 
shikari, by name Ghulam, had found similar stones, but was unable 
or unwilling to indicate their exact locality. After the oh’ering 
of a small reward, a parcel of beryl crystals was forwarded to the 
Mining Department by the Tehsildar of Skardu, in October 1912. 
These, though not clear aquamarines, indicated that somewhere 
among the hills of the Basha and Braldu drainage area gems of this 
kind might be found. Eventually, afthr further steps had been 
taken, Lala Joti Parshad was deputed by the Durbar in 1915 to 
conduct a regular search in the hills of that neighbourhood, and 
at last he had the satisfaction of coming upon beautifully clear 
aquamarine crystals, in a thick vein of pegmatite, at the village 
of Daso lying a few miles south of and under Ganchen peak. Lala 
Joti Parshad visited the area again in 1916, when he excavated 
considerable quantities of the gems; and, in the summer of last 
year (1917) the two authors together spent 12 days on the mines 
examining their extent and geological conditions, and making test 
experiments as to their productivity. At the same time evidence 
vras obtained showing that other veins within a few miles of Daso 
also yield beryls and aquamarines, and that these stones arc also 
found even further away up the Braldu and Basha valleys, and 
also in the Rondu neighbourhood. At present, only the area 
immediately near Daso village has been thoroughly investigated 
by us, and the results set forth m this paper are entirely drawn 
from that area. 

The exact locality is at the village of Daso (lat. 35® 43'', long. 

Locality situated on the right bank of the 

Braldu river a few miles above its junction 
with the Shigar river. It lies at a height of about 8,300 feet above 
sea-level, the route to it being by bridle-road and foot-path from 
the well-known orchards of Shigar, and the distance about 27 miles. 
No great difficulties arc found on the route, except that the Braldu 
river at Daso is a rapid and turbulent stream, of great volume, 
descending from the Biafo, Baltoro and other glaciers; the usual 
method of negotiating which is by a raft of inflated goat-skins. 
Details as to the route to Shigar and approximate transport rates 
will be given later (see page 172). Daso is a considerable village 
of some 100 houses placed on terraced alluvial fans, and bearing 
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fields of'barley and other grains and a few scattered apricot, apjde, 
walnut, poplar and willow trees, all of which (as is the custom in 
this arid region) are irrigated from perennial glacier-fed side streams 
descending from the fine peaks round Oanchen (marked on the 
Atlas of India Sheet as over 21,000 feet) to join the Braldu. Above 
the fields the bare hillsides i‘ise steeply and often precipitously 
in cliffs and slopes of rugged gneiss. Daso possesses a population 
of hardy (albeit goitre-stricken) mountaineers, who take kindly 
to the task of the rock-work incident on excavating for aquamarine. 

The prevailing geological formation at Daso, and for many 

miles in all directions, is massive biotite- 
gneiss, interrupted at intervals by extensive 
veins of coarse pegmatite—the matrix of 
the aquamarine. The gneiss possesses a distinct foliation, which is 
often wavy and puckered, the different layers showing varying 
coarseness of grain and amounts of the component minerals. The 
paler layers sometimes expand into the appearance of lenticular 
contemporaneous veins with porphyritic felspar. But they continue 
to have the ordinary minerals of the gneiss and not those of 
the pegmatite veins, these being a very simjrle aggregate of quartz, 
orthoclase and biotite with a little plagioclasc, which give a black 
and white banded appearance to the rock. 

The veins of pegmatite which course through the biotite-gneiss 

„ . . at intervals must be considered to be distinct 

Pegmatite veins. r .i , ,• i , 

frrim the lenticular contemporaneous veins. 

They cut through the gneiss in all directions and in a most irregulai- 

way. Some of the pegmatite is fine-grained (though usually coarser 

than the material of the gneiss), but that of the larger veins, and 

of those most productive in aquamarine, is very coarse; and, as 

is especially well seen at mine no. 1, has sometimes segregated into 

parallel bands of quartz and felspar. The minerals represented 

are primarily quartz and orthoclase with some albite. Next in 

order of frequency come tourmaline and muscovite, and then beryl 

and a little deep-coloured, clear, garnet. The orthoclase, white 

or pale cream-coloured, is in great poikilitic plates from a few inches 

to a foot or more across. The tourmaline is black and occurs in 

prisms some 2-4 inches long, the long axes lying in all directions, 

but it is occasionally aggregated into denser patches and masses 

of smaller crystals and veinlets. It decomposes into deep browm 

stains visible along joints and the cleavage of the felspar. The 
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muscovite is scattered in isolated scales sparingly throughout the 
rook, and also forms roughly spherical aggregates of clusters of 
plates disposed radially from a centre, some of these being | inch, 
or more in diameter. 

Whilst" the smaller veins, and the outer marginal parts of the 
thicker veins, are composed of the minerals aggregated as above, 
the central parts of the thicker veins (such as that in mine no. 1) 
have their content differentiated into quartz and felspar layers 
or masses, the most productive zone in beryl being the line of junc¬ 
tion between the two, and also within the felspar for some distance 
from the quartz. The quartz-aggregation layer, or mass, contains 
little and unimportant crystals of beryl. At a few places in mines 
no, 1 and no. 2 the felspar layer (which otherwise is hard rock) on 
blasting yields dmsy or miarolitic cavities (or cavities filled with 
kaolin) which are the chief source of the clearer gem aquamarine. 
On piercing a cavity of this kind, one can frequently look inside 
and see the transparent, green, aquamarine prisms projecting into 
the cavity from all sides. A special description of the beryl and 
aquamarine content will follow presently. 

Ordinary basic dykes are absent in the Paso area. One small 

peridotite dyke, occurring a short distance on 
the path to Upper Paso from mine no. 1, 
is composed of pyroxene, olivine and biotite in large scattered 
and ragged plates in a fine-grained or micro-crystalline greenish 
ground-mass of highly refracting and strongly doubly refracting 
material, not yet determined. 

Tlie physical features, rock distribution, and mine localities of 

the Paso area can best be appreciated 

rock^'dlltilbuflin?* photographs, plan, sections and 

outline view (Plates 7 to 10). The general view 
of the mine area (Plate 8) speaks for itself as regards the general 
topographical features. The plan (Plate 10), t>n a scale of 16 
inches to 1 mile, was drawn during our stay there specially to 
illustrate the subject matter of this paper. It, and the outline 
view drawn by camera lucida sh<)w the gently inclined, culti¬ 
vated alluvial fans of Lower and Upper Paso, separated by a 
steep, and frequently precipitous, line of cliffs of biotite-gneiss, 
some 300-500 feet in height. Among this the actual disposition 
of a large number of pegmatite veins has also been depicted, together 
with the small openings that at present constitute the mines, namely 


Ultrabadc dykes. 



Past 3.] Middlemiss : Notes on Aquamarine Mines, Daso. 165 

mine no. 1 on the path between Lower and Upper Daso and lying 
just above the 550-foot contour, mine no. 2, low down at the 200- 
foot contour near to the river, and the vertical cliff-working named 
“ Ladder hole ” not far from this between the 200- and 250-foot 
(sontours. Besides this there are two more places, on the foot-path 
joining the two Dasos, marked “ quarry,” where a small amount 
of excavation has been done. 

So far as one can say at present, there is but little system dis- 

Dlrection and dis- cernible in the arrangement of the veins 
position of the peg.- of })egmatite in the country-rock. They do 
matite veins. follow any noticeable fissures, and 

each, as exposed at the surface, runs a short course and then 
disappears by thinning away or branching. There may occasionally 
be parallelism between the direction of a vein or part of a vein 
and the foliation of the gneiss, but this does not seem to be of 
much importance. It is noticeable that the strike of the foliation 
of the gneiss changes abruptly from about W. N. W.—B. S. E. along 
the path between the two Dasos to N. N. E.—S. S. W. along the line 
of the cliff south of Upper Daso, and that the intervening portion 
of the cliff has a marked bend in it at a point where two ravines 
descend from the western end of the cultivated land of Upper Daso. 
It is not impossible that this indicates a fault, or an equivalent 
wrench of the gneiss at this place, and it is certainly more than 
usually prolific in pegmatite veins at this point, namely the N.—S, 
trending group linking mine no. 2 with the two “ quarries.” 

This irregularity or lack of apparent system in the run of the 

veins, as also in their shape, W'hich is likc- 
peg^tite veins.** **** irregular as displayed at the surface, 

makes it impossible accurately to estimate 
their length, breadth and thickness, and so to deduce their cubic 
contents. As regards length, the exposed parts vary from a few 
yards to as much as 160 or 200 yards, but of course wt. know nothing 
of their unexposed course within the rock. Similarly, their breadlh 
or thickness cannot be estimated, except very generally, because one 
never know^s in which direction in any given vein to measure them. 
It is certain that many are, at least, several feet, perhaps yards, 
in thickness, and that is all one can say. That the amount of 
pegmatite easily accessible to a moderate depth, in the area depicted 
between the two Dasos (that is to say in a tract of hill-side ^ mile 
long by about | mile broad) totals a very respectable figure, seems 
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fully assured, and may be regarded as difficult to exhaust during 
very many years of strenuous mining. One does not like to use 

the word “ inexhaustible ” if one can help it, but, taking into 

consideration not only the restricted small area here described, 
but als<* the neighbouring areas within a mile or two where similar 
pegmatites with beryl are known ; and secondly, considering the 
fact that beyond this again in the Basha valley and Rondu region 
reports have reached us of aquamarine-bearing pegmatite being 
found there as well, 1 think one would be justified in saying that 
the known matrix of the aquamarine in this part of Baltistan, 
generally, is practically inexhaustible. 

The sections through mines no. 1, no. 2 and “ Ladder hole ” 

show the general slope of the rocky cliffs 

The mines at present. which excavation has been in progress, 

atid at the same time illustrate how insignificant—relatively to 
the amount of ])egraatite in sight~has been the excavation 
of it so far undertaken. From the point of view of this 
paper it is immaterial to describe the so-called mines in any 
further detail. They are really just holes and open quarries on 

slopes and ledges of rock whence about 1,000 tons of rock have 
been blasted out. The ]}hotographs will give a better idea than 
words of their scope and general appearance. Notwithstanding 
their insignificantly small dimensions they are perfectly capable 

of furnishing important and reliable estimates as to the richness 
of the rock in aquamarine ; for the nature of this mineral, as well 
as its being a regular accessory in most of the exposures of the 
pegmatite so far opened up, argues its probably fairly regular, 
presence in the pegmatite, of the Daso group of veins, be it near 
the surface or deep below ground. Unlike the case of most metalli¬ 
ferous ores, that are frequently secondary in origin and that change 
rapidly in depth, there is no necessity with a mineral of this kind 
to prove each h)de by boring or other deep mining methods. 

Furthermore, the number of the veins, even in the restricted area 

within an easy scramble round Daso, is so very large that, should 
some of them prove barren on opening them up, it would only be 
necessary to try others of the large assortment available. 

It does not follow from this that similar pegmatite, in country- 
rock of the nature of this biotitc-gneiss, will yield the gem forms 
of aquamarine at places considerably distant from the immediate 
vicinity of Daso. Each separate locality, when the distance from 
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any proved locality amounts to miles instead of hundreds of yards 
must be separately tested. For the present and perhaps for a 
long time, the assemblage of veins at Daso will furnish abundant 
matrix rock for all likely demands. In the course of time, as these 
become exhausted or too deep or difficult to work, others must be 
tested further afield. 

The actual occurrence of the beryl and aquamarine in the 

. . ^ pegmatite may best be illustrated by re- 

Arransement and ” , . - i , 

distribution of the lercuce to particular exposures made by 

matrix ^'^®**** mines. Mine no. 1 so far 

as the operations have gone up to date, reveals 

an exposure 37 feet wide in an upward direction and 65 feet long 

along the foot-path in what is probably a direction somewhat 

diagonal to that of the real thickness. The annexed figure shows 

the composition of the vein thus exposed. The outer marginal 

aureole marked (a) is the ordinary pegmatite of fine to medium 

grain. It is some 6 feet wide, but thinner on the right of 

the figure, which corresponds to the eastern side of the exposure. 



Within this are areas marked (6) and (c) respectively ' (b) represents 
the practically barren quartz with a few masses ot felspar here 
and there and (<?) is wholly felspar with beryl dotted about it, the 
latter more closely collected in the occasionally-found drusy cavities, 
and -as the line of division between it and the quartz is reached. 
In such places as these the prisms of beryl approach one another 
so closely that the open hand wdll cover 2 or 3 of them, and lumps, 
broken away by blasting or quarrying, of the size of a man’s head 
will frequently yield a large handful of them. Whilst the majority 
of these will be common opaque beryl, or the merely translucent 
deeper /green variety, a few here and there will be transparent 
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enough for cutting. As already remarked the diusy cavities usually 
yield a large quantity of this transparent green variety. 

Mine no. 2 is much less regularly arranged in the above way, 
so far as can be seen in the part exposed by mining, which is not as 
extensive as that at mine no. 1. The arrangement is more 
“ spotty ”, so that the places where the beryl appears show no 
special alignment in any one direction. 

The beryl crystals appear in the usual six-sided prisms much 

longer in the direction of the vertical crystallo- 
rysta orms. graphic axis than at right angles to this. 

They very seldom show any terminal faces, but a few exceptional 
samples that alone were collected have a few such faces developed. 
We are indebted to Mr. D. N. Wadia, Professor of Geology in the 
Prince of AVales College, Jammu for determining these for us in 
the College laboratory. Four specimens were sent to him and he- 
reported on them as follows:— 

“ The aquamarine crystals possess two peculiarities, (1) the 
terminal developments, winch are rather rare in beryl, and (2), 
which is more exceptional, the presence, of faces in the prism 
zone, belonging to prisms other than those of the 1st and 2nd orders. 
The striations are due to this cause. 


With regard to the terminal faces on three of the aquamarine 
crystals, I enclose 3 sketches: (a) is a combination of the hexagonal 
pyramids of 1st order w'ith base. (&) is a combination of pyramids 
of the 1st and 2nd orders, with prominent base. There are two 
pyramids pj and pg in the first form, (c) is a combination 
of 3 forms—base, hexagonal pyramids (p) and the dihexagonal 
pyramid (v). -Here, in the prismatic zone, is an interesting face 
between (a) and (m). Such faces are rather rare and Dana does 
not mention or figure them in his “ System ” in which he gives 
a large number of combinations seen in beryl, (d) the fourth aqua¬ 
marine crystal is very interesting. It encloses another prismatic 
crystal in crystallographic orientation with itself.” 


The size of the coarse, opaque and feebly translucent beryls 

. is generally from 4 inch to as much as 2 or 3. 
Size of the crystals. .V • i jl. o 

inches m width and from 2 to 6 inches or 

more in length. The transparent, quite clear quality are in¬ 
variably smaller as a whole, averaging from | inch to 1| inches 
wide and 2 to 3 inches long in the more perfect specimens, such 

as occasionally break out of the rock. But, as generally obtained 
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in broken pieces, owing to the blasting, quarrying and cobbing 
of the hard rock, their sizes vary from that of filberts to walnuts, 
together with a great quantity of smaller shattered pieces and dust.^ 

Undoubtedly as a whole the Daso aquamarines are of a pale» 

or perhaps one should say delicate tint (for 
parencyf ***** **^****” sense a diluted or washed-out tint), 

but the shade has the true aquamarine value, 
and the limpidity, especially noticeable when the gems arc cut 
‘ brilliant ’ fashion, probably makes up for this in some measure. 
The colour at night by artificial Kght is considerably deepened ^nd 
more vivid. It is, however, no use arguing against the vagaries 
of fashion, and inasmuch as the Daso aquamarines seldom show 
great depth of colour, in this one respect they fall short of the highsst 
standards of excellence now in vogue. This will in some measures 
detract from their value in the markets of the world, where as much 
as £2 a carat may be realized for the deepest coloured, perfect,- 
cut gems. 2 £2 a carat is an ideal price that it will not be necessary to 
aspire to in order to make the Daso acpiamarines a commercial success. 

Undf)ubtedly the colour of the Daso stones varies a good deal 
within well defined limits in the majority of case.s, fi’om those which 
appear almost colourless when cut, to others which in the lump- 
form are a very beautiful and characteristic, vivid greenish blue or 
bluish green (the balance between the two colours being fai’^ly even). 
The grass-green or emerald tint is very seldom approached. A 
very few small pieces show deeper and more violet blue tints in 
patches, there being no gradation in colour between them and the 
ordinary tinted stones. These, how^cver, are not very transparent 
and are merely mentioned here because of the possibility that other 
better pieces may be found when the area is regularly worked. 
One only, so far found, has the “ cornflower ” blue tint and it is 
doubtful whence this was obtained, as it was brought in by one of 
the watchers and said to come from near Rondu. 

The depth of colour of the ordinary clear form of the Daso 
material naturally increases with the size of the stone. As stones 
well over 10 carats can commonly be cut into fairly large gems 
for necklaces, pendants and brooches the increased depth of colour 
thus gained will enhance their consequent value. 

* One exceptionally large crystal 10 inches long and 5 inches in width weighing about 
13 lbs. was collected from these mines in 1915. 

* Herbert Smith “ Gem-Stones ” 1913, page 194. 
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Besides the transparent variety just described and the dull 
almost opaque, compion beryl of not very attractive tint, there 
is also found an intermediate variety which is translucent or semi¬ 
transparent. This generally occurs of rather larger size than that 
attained by the clear variety, and in large lumps is of a delightful 
colour. Though unsuitable for cutting in facets it looks very 
well in smooth cabochon form. Occasionally an opalescent variety 
of this shows appreciable asterism. 


It is now necessary to say something as to that very important 

aspect of the case—the quantity available in 
of^the^stonc.*****"***"*^* proportion to rock excavated. During the 10 

full working days spent at Daso, each day’s 
takings were sorted roughly into certain qualities and weighed, 
only the very opaque, rough, material being altogether rejected. 
These have subsequently been resorted at head-quarters into :— 




Weight in 
Grams. 

A-1 quality . 

Large and clear . . 

1,586-10 

1 st quality 

Small and clear 

1,516-12 

2nd quality or inter¬ 
mediate (large). 

Translucent or scmi-transiiarent 
but of good colour. 

2,099*25 

2nd quality or inter¬ 
mediate (ainall). 

Small fragments 

1,247-88 

3rd quality 

Rough beryl . . about 

102 lbs. 


Owing to the steep slopes below the mines, the operations of 
blasting and quarrying sent a large portion of the rock excavated 
bounding down hill beyond recovery for weighment purposes. The 
rather irregular shape of the openings also precludes any very 
accurate estimate of their cubic contents. A rough cstimp-te 
however shows that at mine no. 1 a slice of rock 15'x20'x4' or 
about 1,200 cubic feet was excavated and at mine no. 2 similar 
slices (]6'xD'x4') plus (15'x4'x4') or about 560 cubic feet. We 
have, however, a third method of reckoning that promises better 
perhaps than either of the others, namely one in terms of time spent, 
labour employed, explosive used, wages paid and so on. 

These factors arranged in tabular form are as follows :— 


No. of 

No. of men 

Price of 

Wages to 

days. 

employed. 

explosive. 

workmen. 



Ra. 

Rfl. 

10 

25 

65 

100 


Charcoal. 

7 
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Thus, in 10 days, with 25 men employed in excavating whose 
wages amounted to Rs. 106 with the expenditure of Rs. 65 worth 
of explosive and Rs. 7 worth of charcoal (for sharpening the tools), 
that is to say at a total cost as regards mechanical work of Rs. 178, 
the above quantities of aquamarine and beryl were realized. There 
were probably unavoidable losses in these quantities by some stone 
not being recovered owing to its dispersion over a large area of 
precipitous rock and also perhaps by petty thefts. These would be 
reduced if working under commercial conditions was continued for 
any length of time, but probably could not be eliminated entirely. 

From some experimental sales of the uncut stone and gems 

fashioned from it by the cutters in Delhi and 
gefflfstonV"**®* Lucknow, which Lala .loti Parshad made 

in 1916-17, and from subsequent sales, we 
have put down the price of A-1 quality uncut at 6 annas a carat, 
reckoning the carat at 0*20 grams=3‘0864 (roughly 3’1) grains. 
The price of other qualities are less easy to estimate, but for the 
1st quality (small and clear) we shall be on the safe side putting 2 
annas a carat, and for the 2nd quality or intermediate (large) 1 
anna a carat. 

Neglecting the 2nd quality (small) and all 

cxJSflSntal deduce the total 

value of the ten days’ takings as :— 



Grams. 

Carats. 

Rs. 

A. 

P. llS. A. 

P. 

A-l quality 

1,580 10 - 

7,930 

0 

0 

0 2,973 12 

0 

1st quality (siuail) . 

1,510‘12 -- 

7,580 

0 

2 

0 947 8 

0 

2nd quality or interme¬ 
diate (largo.) 

2,099-25 - 

10,495 

0 

J 

0 055 15 

0 



Total 

• 

4,577 3 

0 


Deducting from this sum Rs. 178 for cost of labour, explosives, 
etc., as reckoned above, there would be realized Rs. 4,399-3 for a 
period of 10 days, or Rs. 13,197-9 per month to cover transport, 
supervision, sale charges and profits. This sum could easily be 
doubled under the same supervision by employing twice the amount 
of labour, explosives, etc. 

All this is contingent on a regular market being established 
for the stone produced and on the rates and demand remaining 
constant. The present is perhaps rather an unfavourable time 
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to start a new gem-mining industry; but otherwise, such an enter¬ 
prise seems as though it would be profitable. 

It may be mentioned that cut stones of A-1 quality are at present 
fetching from Rs. 2-8 to Rs. 3-12 a carat in India as sold to dealers. 

Experiments now being conducted in making buttons, beads 
and other small articles of the translucent, intermediate quality 
seem likely to prove successful, as the first cuttings have given very 
attractive results. 

It is just necessary to add a few remarks 
Distance and frans- on the route to the mining area from Rawal- 
port rates. pindi railway station. The distances are as 

follows :— 

Milos. 

C'art road to Oaiidcrb,iI ....... 102 

flanclcrbal to Voriu by pony tr.ack ..... S.'JS 

Yonu to Daso by foot j)ath . . . . . . 10 

The cart road to Ganderbal is a good metalled road well-graded 
and rises about 6,000 feet. The bridle-road from Ganderbal rises 
to the Zoji-La (11,300 feet) and then descends gradually to Skardu 
(7,700 feet), rising again slightly to 8,300 feet at the mines. 

As the rates of transport all along the route arc fixed for each 
stage it is not difficult to estimate the cost of transport to the mines 
from the rail, whicli amounts to Rs. 9-4 per maund. This is of 
course negligible as regards the 1st class gem-stone, but the high 
cost of transport enhances that of all stores and supplies necessary 
for the working and supervision of the mines. 


LIST OF PLATES. 

PiiATB 6. —Aquamarine crystals. 

Plate 7.—Mine No. 1. 

Plate 8.—Daso aquamarine mines : view from Lower Daso. 
Plate 9. —Three sections througli Daso aquamarine mines. 
Plate 10.—Plan of Daso aquamarine mines. 
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Preliminary Note on the Srimangal Earthquake 
OF July 8th, 1918. By Captain Murray Stuart, 
I.D.F., D.Sc., F.G.S., Assistant Superintendent, 
Geological Survey of India. (With Plates ii and 12). 

i.— introduction. 

A fter a lapse of six years, since the Burma earthquake, India 
experienced another severe earthquake shock on the afternoon 
of July 8tb, 1918. The shock was felt over eastern Bengal and 
Assam, throughout most of Burma, ai»d over north-east India as 
far west as Lahore. For the tirst few days the news was scanty, 
and it appeared that no great damage had been done, but on 
Thursday afternoon, July 11th, telegrams from the Srimangal area 
of south-west Sylhet got through, and it at once- became evident 
that the earthquake was of considerable magnitude. Srimangal 
is situated in the tea-garden area, and whole valleys of tea-factories 
and bungalows were reported to be destroyed. Consequently I 
was deputed at once, by the Directoi* of the Geological Survey of 
India, to proceed to the area affected, and investigate the earthquake 
as far as possible. I have already completed the actual touring, 
but am still occupied with the enquiries and correspondence 
connected with the investigatioji. Nevertheless the enquiry is 
sufficiently advanced for publication of a short preliminary note. 
The full report wull be published later when all the material obtain¬ 
able is at my disposal. 

The earthquake occun'ed at about ten minutes to four, Indian 
Standard Time, on the afternoon of July 8th. Considering the 
magnitude of the shock the actual loss of life was exceedingly small, 
owing to the fortunate circumstance that the earthquake occurred 
in the afternoon when most people were awake and outside, while 
of those who were inside buildings, most were able to escape into 
the open before the buildings fell. Had the earthquake occurred 
at night, the loss of life, especially amongst tea-garden coolies, 
would have been exceedingly great, as practically all the coolie 
lines in the tea-gardens of the Doloi, Balisera, and Laskarpur 
valleys collapsed. 
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II.—GENERAL ACCOUNT OF THE SHOCK : ITS SUPERFICIAL 

ASPECTS. 

As in most earthquakes of the destructive class, the shook near 
the earthquake centre, seems to have come with great suddenness 
and without any i)reiiminary warning. The amount of damage 
around the epicentral area was considerable. Practically all the 
bungalows and leaf-houses on the tea estates in the Doloi, Balisera, 
and Laskarpur valleys were laid flat, those only escaping .that had 
steel girders as a framework, and a steel girder frame for the roof. 
Even in these cases the brick walls between the girders were gener¬ 
ally shattered, and in most cases thrown down. The Assam Bengal 
Railway suffered considerably. The sections Akhaura to Kalaura, 
Akhaura to Asugauj, Bhairab to Tangi, Mymensingli to Bhairab, 
Kalaura to Shaistaganj, Kalaura to Sylhet, and Mymensingh to 
Netrakona were blocked, and train service suspended. Telegraphic 
communication wnth most places in south Sylhet was inter¬ 
rupted, and considerable damage was done to buildings in Sylhet, 
Kish organ], Brahmanbaria, Akhaura, Agartola, Maulvi Bazar and 
Habigan]. 

The earthquake centre seems to have been in the Balisera hills, 
about 3J- miles south of the railway at >Sriniangal, and a little to 
the east of Dr. Mumford’s bungalow at Kalighat. At the Kalighat 
tea-estate most of the bungalows, including the Post Office and 
the Club buildings, fell towards the east. At the Kajurichara 
estate the general direction of fall was N. N. E. At the Rajghat 
estate the general direction of fall was N. E. At the Puttiachara 
estate and Sisal Baria the general direction of fall was north, while 
at Srimangal and the Phulcherra estate the general direction of fall 
uras towards the south. These directions converge approximately 
to a point a little to tjjc cast of Dr. Mumford’s bungalow at Kali¬ 
ghat, and situated approxinuately in the gap through the hills 
leading eastwards to the Doloi valley. This seems to have been 
the main epicentre as far as it is possible to locate it, and the isoseists 
are found to be arranged around this point. The direction of fall 
becomes more confused further away from the epicentre, but the 
direction of fall in the Doloi valley was generally east and west, 
and pointing more or less generally to a point near Kalighat as 
the epicentre. The same applies to the Laskarpur valley. 

An interesting piece of evidence of the direction in which the 
shock came is furnished by a resident of Rasidpur, two stations 
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west of Srimangal. He was standing at tke side of the railway 
line at Rasidpur, when he heard a loud noise coming down the 
railway cutting which is situated between Sathgaon and Rasidpur. 
He concluded at first that it was the afternoon down train coming 
at great speed, but on looking in that direction he saw the railway 
line moving in waves, which travelled towards him. When the 
waves reached him he felt the ground shaldng violently, and saw 
the tea factory and other buildings falling. The wave movements 
passed under him and he watched them recede down the line towards 
Shaistaganj; in other words from east to west. The railway line 
at this point is funning approximately east and west and Rasidpur 
lies W. N. of Kalighat.i 

Except near the epicentre, the earthquake shock seems to have 
been generally proceeded by a noise, w’hicli in most cases has been 
likened to the noise made by a railway train crossing an iron bridge. 
At the epicentre, according to Dr. Mumford, the earthquake occurred 
suddenly without any preliminary noise or tremors, the sudden 
shock, and the noise of the falling masonry and breaking of w'ooden 
beams, as the bungalow collapsed, being simultaneous. 

At the Plmlcherra tea estate, two miles away from the epicentre, 
a noise, described as a grinding noise with sharp reports, was heard 
as if rocks were being split and ground together ; this was followed 
immediately by the earthquake shock. 

The reported duration of the shock varies greatly in different 
reports, but it seems probable that the shock was little, if .any, 
more than 20 seconds in duration, near the epicentre. 

Ill —the ISOSEISMAL AREA OVER WHICH THE SHOCK WAS 

^ FELT. 

Owing to the fact that there are exceedingly few brick or stone 
buildings over the area which was seriously affected, and to the 
fact that such as do exist vary greatly in nature, and strength to 
resist shock, it is impossible to map out isoseists according to the 
Rossi-Forel scale. Most of the area where the earthquake was 
violent enough to damage all or nearly all brick buildings, consists 
either of jungle-covered hills such as the Hill Tipperah area, or of 
lo'W-l 3 dng land such as that seen in south Sylhet, practically all 
of which was under w^ater at the date of the earthquake. Brick 


* From information kindlj' collected for me by Dr. Mnmford, 
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buildings are limited therefore almost entirely to Kailway buildings, 
and to those in isolated places such as Sylhet, Maulvi Bazar, 
Habiganj, Kishorganj, Brahmanbaria, " Agartala etc., and the 
buildings and factories of the tea estates in the valleys of south 
Sylhet. Consequently I have mapped isoseists on the plan adopted 
by R. D. Oldham in his investigation of the Great Indian Earthquake 
of 1897. In that investigation he found it impossible to attempt 
to define more than seven degrees of intensity Ipng within their 
isoseists, which he defined as follows :— 

1. The first isoseist includes all places where the destruction 

of brick and stone buildings was practically universal. 

2. The second, those places where damage to masonry or 

brick buildings was universal, often serious, amounting 
in some cases to destruction, 

3. The third, those places where the earthquake was violent 

enough to damage all or nearly all brick buildings. 

4. The fourth, those places where the earthquake was 

universally felt, severe enough to disturb furniture 
and loose objects, but not severe enough t-o cause 
damage, except in a few instances to brick buildings. 

5. The fifth, those places where the earthquake was smart 

enough to be generally noticed, but not severe enough 
to cause any damage. 

6. The sixth, all those places where the earthquake was only 

noticed by a small proportion of people who happened 
to be sensitive, and being seated or lying down were 
favourably situated for observing it. 

This scale docs not pretend to scientific accuracy, and it is 

probable that a slightly different interpretation# ipay have been 

put on the intensity represented by the isoseists, to that put by 
Oldham. Such indeed is almost inevitable, but it has no effect 

on the results of the investigation. 

On mapping the isoseists it became evident that they are not 
circular or even elliptical in shape, but are egg shaped with the 
narrow end pointing approximately West-north-west, indicating that 
the focus of the earthquake was not a point but a line, and that 
the intensity of the shock was greater at the east-south-east end 
of this line than at the west-north-w’est end. This would appear 
to mean that a slip occurred along a geological fault which runs 
approximately west-north-west and east-south-east through the 
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Balisera Hills, just to tlie east of Kalighat, and that the greatest 
intensity was under the neighbourhood of Kalighat and from there 
the intensity diminished in a west-north-westeiiy direction. No 
evidence of the existence of such a fault has been obtained hitherto 
by geological mapping, because practically the whole of its length, 
or at least the length along which this slip appears to have taken 
place, is buried and concealed by alluvium. 

The two maps accompanying this report show the approximate 
disposition of the isoseists. 

The area of maximum intensity included in isoseist No. 1 is 

that of the Balisera valley and part of the Doloi 

Isoseist No. I. valley. With few exceptions all brick 
buildings were found to be destroyed withiji 
this area. Coolie lines on the tea-estates, built mostlv of sundried 
mud, and thatch roofs, were levelled to the ground. The usual 
typo of planter’s bungalow built of poorly burnt bricks, and very 
thick, exceedingly heavy, thatch roofs, also collapsed in almost 
every case. Tea factories and certain, bungalows having steel 
girder frames were left standing, but the brickwork in them was 
either thrown down, or left in a shattered and tottering condition, 
in almost every case. There were one or two notable exceptions, 
particularly at the Bharaura Tea estate, near Srimangal, where 
sheltered by the side of the hills the bungalow escaped with only 
one or two cracks. Within this area people found it impossible 
to keep on their feet during the earthquake. 


The next isoseist. No. 2, embraces a much larger area, extending 

Isoseist No 2 ^ little west of Shahaji Bazaar, on the 

Assam Bengal Eailway, to between Tilagaon 
and Kalaura Junction, on the same railway. It includes practi¬ 
cally all the Laskarpur valley, Shamshernagar with its surrounding 
group of tea gardens, Maulvi Bazar and Habiganj. 


Practically all the railway bridges lying within the area bounded 
by this isoseist were damaged by the earthquake, in many places 
railway embankments settledj and practically all brick buildings 
were damaged—many, having only mud instead of mortar between 
the bricks, were totally demolished. North of the railway line, 
with the exception of Habiganj, Maulvi Bazaar, and the continua- 
.tion of the Balisera Hills north of Srimangal, the rice growing country 
was nearly all inundated at the time of the earthquake and conse- 
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Isoselst No. 3. 


quently offered little opportunity of observing the effects of the- 
shock. 

Isoseist No. 3 passes approximately through Akhaura, Agartala, 

Brahmanbaria, Kishorganj and ' Sylhet. 
Most of the area embraced by it is either the 
jungle-clad hill country of Hill Tipperah, or the low-lymg 
inundated plain of south Sylhet. Well-built buildings in this area 
escaped with practically no damage, but buildings built of brick 
and mud, or brick and very poor-quality mortar, were either left 
in a tottering condition, or partly thrown down. At Sylhet many 
houses in the bazaar were thrown down, and old fucca buildings 
that had come through the 1897 earthquake unharmed, such as- 
the Mosque on the river front and the School, were cracked and 
left tottering. The Court and Deputy Commissioner’s OflSces, 
however, were only slightly cracked. Kishorganj, at first sight, 
appears to have suffered more than one would have expected from 
its position with regard to the epicentre, the Sub-divisional Officer’s 
houses, and the houses of the First and Second Munsif being utterly 
destroyed, and the Jail being half demolished, but each of these 
was a brick and mud building, and the (quality of the mud was 
poor, consequently their ability to withstand shock was small. 
The Munsif’s Court at Kishorganj, wliich is a good brick building, 
escaped practically unharmed, and the railway station, another 
good brick building, only cracked through subsidence of the bank 
on which it is built, and not as the direct result of the earthquake 
shock. The same thing applies to Akhaura Railway station, the 
brick portion of which was practically demolished. In this case 
also the reason for the extent of the damage was the poor quality 
of the mortar used in its cf)nstruction. 

The next isoseist may be split into two parts, the one passing 

through Comilla and nearly, but not quite, 
reaching to Aijal, and Silchar, while the other 
passes just to the east of Akyab, and from there would appear 
to run, in the form of an ellipse, into the Bay of Bengal in a more 
or less southerly direction, passing close to, but not including, 
Kyankpyu. The former includes Mymensingh, Netrakona, and 
Cheira Poonji. A certain amount of damage to brick buildings 
was done in this area but this was due, either to w^eak construction, 
or to settlement of the ground on which the buildings stood. Very 
little is known about the area contained by the Akyab isoseist. 


Isoseist No. 4. 
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Isoselst No. 5. 


Both the Meteorological Observer, Akyab, and the Deputy Commis¬ 
sioner, Akyab, report that the earthquake shock threw down loose 
objects and ornaments, and also cracked buildings. The rest of 
the area* being under the Bay of Bengal, nothing is known about 
it but the position occupied by isoseists Nos. 5 and 6 make it appear 
that its shape is elliptical with its long axis running approximately 
north and south. The country intervening between these two 
areas has been fairly well examined, and there seems no likelihood 
of any connection between the two. 

The next two isoseists are not yet definitely fixed, as all the 

information necessary to fix their position is 
not yet at my disposal, but their position 
can be given vrith fair approximation. Isoscist No. 5 contains 
Darjeeling, Bliagalpur, Dumka (Sonthal Pargannas), Burdwaii, Moiiywa, 
Chittagong, Kyaukpyii, Bassein, and does not reach Muzafiarpur, 
Bankipur, Deoghur, Calcutta, Mandalay, Prome, Henzada or Rangoon. 
Its position is shown approximately on the map accompanying 
this report. Even within this area a certain number of weak 
buildings were cracked and occasional old houses fell.. Isolated 
cases of objects of weak equilibrium being overturned are also 
reported, such as light glass flasks, in the laboratory of the Fibre 
Expert to the Government of Bengal, Dacca ; and the instance 
of three out of a number of emjjty long glass phials being overturned 
in Calcutta, quoted by a correspondent in the “ Statesman ’’ of 11th 
July, may also be mentioned. 

What appears to be a case of earthquake “ shadow ’’ or sheltering 
is exhibited by the area between Kyaukpyu and Bassein. Both 
Kyaukpyu and Bassein record a smart earth(piakc shock, felt dis¬ 
tinctly by every one, whereas the Bub-Divisional Officer at Ramree 
reports that he was unaware that any earthquake had taken place 
on 8th July, and the Deputy Commissioner, Sandoway, reports 
only a slight shock felt by certain people, and not by everyone. 

The last Isoseist No. f> contains Lucknow, Allahabad, Bilaspur, 

Bambalpur, False Point (Cuttack), Bassein, 
Rangoon, Myitkyina, Putao, etc., and 

its approximate position is that indicated on the map. There 
are certain anomalies but these may be due to separate small sym¬ 
pathetic shocks, and not to the main earthquake. For instance 
the main earthquake was felt as far as Lucknow, but it was not 
felt at Naini Tal, or Dehra Dun. The preliminary tremors of the 


Isoseist No. 6. 
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earthquake began to register on the Simla Seismograph at 15h. 
55m. 20s. and the large waves at 15h. 59m. 53. Indian Standard 
Time, and there was also a slight local shock, easily perceptible 
without instruments between two and three minutes to sixteen 
hours I, S. T. From the Seismogram of the Simla Seismograph, 
Dr. Gilbert Walker, Director-General of Observatories, recognises 
superposed oscillations at 15h. 57m. 45s. n^hich he thinks indicate 
yielding on some fault probably within two or three hundred miles 
of Simla, and the time of commencement of these would seem to 
correspond with the shock felt in Simla. 

IV.—THE ISOSEISTS IN RELATION TO THE FOCUS. 

On studying the isoseists so far described certain peculiarities 
become evident, and these and their bearing on the nature of the 
focus will be discussed below. The most striking features are— 

(а) The “ egg-shaped ” form of the epiccntral area and of 

the area bounded by isoseists Nos. 2, 3 and 4. 

(б) The closer approximation of the isoseists on the cast- 

south-east end of the area affected by the earthquake, 
and their more widely separated positions on the 
west-north-west end. 

(c) The concave curving of isoseists Nos. 5 and 6 towards 
the east, just south of Mandalay, and the apparent 
existence of an isolated ellipse formed by isoseist No. 4 
around Akyab. 

With regard to («), the egg-shaped form of the Srimangal 
isoseismal areas seems to indicate that the original earthquake 
impulse proceeded from a centrum of the nature of a line or plane 
situated below the axis of this egg-shaped tract, rather than from 
one definite focus. 

With regard to (6) it would appear that the depth of the posi¬ 
tion of the centrum was greater at the west-north-west end of this 
line than at the east-south-east end since the surface intensity 
decreases more rapidly away from the east-south-east end of the 
epiccntral area than it does from the west-north-west end. 

With regard to (c), the conditions imply a separate centrum 
situated under the Bay of Bengal west of the Akyab coast following 
an approximately north and south axis, rather nearer the surface 
tihan the Kalighat centrum of the Srimangal area. These would 
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appear to be the main and subsidiary loci of a series of Separate bur 
almost simultaneous shocks, following one another sympathetically. 


V.—TIME OF THE EARTHQUAKE: RATE OF PROPAGATION. 

Every investigator of Indian Earthquakes has remarked on 
the inaccuracy with which time is kej)t in different localities, and 
the general impossibility of obtaining accurate observations, but 
no earthquake investigation in India has brought this into greater 
prominence than the present one. 

Every towTi has its own local time, there is generall}' no recog¬ 
nised public clock which keeps accurately this local time and conse¬ 
quently private clocks as a rule keep a most inaccurate time. 

Tlie difference between local time and Indian )Standard Time is 
of course knowjj, but few people take the trouble to check their 
clocks against Indian Standard Time, except very occasionally, 
and any UTinsual occurrence such as this earthquake is timed by 
the observer’s clock, or watch, and consequently frequently differs 
as much as ten minutes or even more from the correct time. 
Instances of the use of Local Time crop up everywhere. The 
New'spaper reports of the earthquake published on the morning of 
July 9th, and on subsequent days, gave the times as:— 

Calcutta—“ shortly after a quarter past four.” 

Dacca—“ about 6 o’clock ” 

Barisal—“ at 4-30 p.m.” 

Chandpur—“ at 4-25 p.m.” 

Chinsurali—“ at 4-18 p.m.” 

Sylhet—“ 4-30 p.m.” 

Mymensingh—“ 4-30 p.m.” 

Balisera Valley—“ 4-30 p.m.” 

The above arc just a few instances that could be increased 
considerably. In no case is it stated that local time is meant, and 
an illustration of confusion arising from this is given by the following 
newspaper article:— 

“ SHOCK RECORDED IN CEYLON. 

Madrast July 15th. 

Regarding the earthquake in India which coincided witho ne in Colombo, Mr. 
J. P. Evans of the Colombo Observatory writes that the first vibrations recorded 
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reached the observatory instrument at 3-58 p.m. twenty minutes before Calcutta 
is said to have been affected and that all the different waves reached the seismo¬ 
graph practically in the same minute. The joint origin of the disturbance was 
close and was between Ceylon and Calcutta. It is remarkable that the shock was 
not felt in Ceylon and the explanation, presumably, is that the shock occurred 
in a fault, or faults, in a lino running north and south in the bed of the sea in the 
Bay of Bengal and tliat the seat of the greatest disturbance lay further away to 
the north,” 


{The Pioneer, July 17th, 1918.) 

As a matter of fact the first vibrations reached Colombo more 
than three minutes after Calcutta, the time quoted in the news¬ 
papers for Calcutta being Calcutta local time, and not Indian 
Standard Time; thus misleading the Avriter of the above article; 
all the other deductions in the article are unaffected by this however, 
and as they have a distinct bearing on this investigation I have 
quoted the article in full. 

An investigation of the reported times of the earthquake shock 
reduced to Indian Standard Time, neglecting those which are very 
obviously wrong, yielded the following:— 


Srimangal and the epicontral 

area 




15h. 45m. 

Sylhot 






15h. 45m, 

Silchar 






15h. 45m. 

Kalaura Junction 





* 

15b. 45m. 

Faridpur 




• 


15h. 50m. 

Barisal 




• 


15h. 53m. 

Calcutta 






15b. .53m. 

Midnapore . 






1.5h. 53m. 

False Point 






1.5b. 5.5m. 

Kurseong and Darjeeling 






1.5h. 50m. 

Oang-Tok . 






15h. 47ra. or lab. 60m j 

Yatung 






lab. a5m. 

Aijal .... 


« 



• 

15h. 47m. 

Kangamatia 


• 



• 

15h. aOm. 

Kindat 


• 



• 

1.5h. 50m. 

Falara 


• 



• 

l.5h. 53m. 

Monywa . . , . 


• 



• 

ICh. 

Akyab 


4 



• 

IGh. 

Kyauktaw (Akyab) 


• 




1.5b. 45m. ‘ 

Kyaukpyu . 




• 


lab. 55m. 

Meiktila . . . 


« 


• 


1.5b. 55m. 

Sandoway ... 


• 


• 

• 

IGh, 

Basscin • . « 


• 


• 

• 

15h. 50m, 

Bangoon • . • 




• 

• 

15h. 55m. 
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The above are, in nearly every case, observations taken in 
local time, and then reduced to Indian Standard Time. They are 
therefore liable to be distinctly inaccurate particularly in the epicen- 
tral area where tea-estates are many miles from a railway station, 
or telegraph ofl&ce, and consequently their clocks are only adjusted 
occasionally. The times reported from the area lying between 
Akyab and Rangoon do not seem quite to harmonise with the 
others, and Akyab, Minbya (Akyab) and Bassein each record two 
distinct and separate shocks with a perceptible interval between 
them, also Akyab itself records an intensity of 4, that is to say 
loose objects and ornaments were overturned and certain buildings 
cracked. This is confirmed by two sets of observations, the one 
furnished by the Deputy Commissioner of Akyab, and the other 
by the Meteorological Observer, Akyab. A further reference to 
this will be made below. 

The earthquake was registered on Seismographs at Simla, 
Bombay, Calcutta, Kodaikanal, Dehra Dun and Colombo. The 
preliminary tremors and the large waves reached the Calcutta 
instrument at practically the same time, and the same is also the 
case in the Kodaikanal and Colombo records. The times of arrival 
of the large waves at the different Observatories, and their various 
distances from the point of origin are given in the following table, 
and, assuming the observed time of 15h. 45m. at the epicentre to 
be correct, the rate of travel of the long waves is calculated. 


Observatory. 

J)istanco 

from 

origin. 

Time of 
arrival of long 
waves, 

J. S. T. 

Rate of 
travel in 
miles per 
minute. 






Miles. 

11, M. S. 


Calcutta 





240 

I.T 53 

30 

Dehra Dun 





030 

I.”) .58 30 

09 

Simla 





1,008 

1.5 59 5 

71-5 

Bombay ^ . 





1,204 

10 0 45 

80 

Kodaikanal 



• 


1,.330 

15 50 4 

120-7 

Colombo 



« 


1,432 

15 .58 

no 

Batavia (Java) 



• 


2,280 

16 8 

0.5 


The above rates of travel are unsatisfactory when compared with 
the usual known rate of travel of the large waves in previous earth- 

* The time given is the mean time as recorded by the different instruments. Full 
particulars and discussions of them will be given in the final report. 
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quakes. These have been found to travel usually at something 
approximating to 110 miles a minute. The rate varies somewhat, 
as a rule, with the distance travelled, but the variation is not much, 
and a rate of 30 miles per minute is quite incompatible with the 
observed rates of travel in previous earthquakes. A considera¬ 
tion of the above table suggests an explanation. There is ono 
fact that is not definitely known, and that is the time of the earth¬ 
quake shock at the epicentre. Also there are two other observa¬ 
tions that present unusual features. I refer to the seismograms 
from Kodaikanal and Colombo, both of which start abruptly with 
the large waves and do not show the usual preliminary and secondary 
waves one would expect to find. They behave, in fact, as if the 
epicentre had been close and all the waves had reached the instru¬ 
ment at about the same' instant. Because of this unusual feature, 
I will neglect them for the moment, and consider only the remaining 
records. The Calcutta seismogram is not the most suitable for 
using in a theoretical calculation of the time the earthquake must 
have occurred at the epicentre, because its distance from the 
epicentre is too short, and the record is confused by the fact that 
the preliminary waves and the long waves reached the instrument 
at practically the same time. I therefore turn to the next on the 
list, Dehra-Dun. 

If a rate of 110 miles per minute is assumed as the rate sit which 
the large waves probably travelled between the epicentre and 
Debra-Dun, then it follows that the time of the earthquake shock 
at the epicentre must have been 15h. 50m. Indian Standard Time. 
Taking this time as the true time of the earthquake, and from 
it calculating the rates of travel to the other observatories, except 
Kodaikanal and Colombo, the following rates are obtained:— 


(Calcutta 
Dehi-a Dun . 
i>imla . 
liombay 
Batavia (Java) 


ObstTvator^’. 


Miles from 
epicentre. 


Rate of 
travel of 
lai^e waves 
in miles 


per minute. 


.' 240 80 

. 936 110 

. 1,008 119 

. 1,264 118 

. 2,280 128 

Average . Ill 
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This agrees very favourably with the results obtaitied in previous 
earthquakes, and would appear to indicate that the coirect time 
of the earthquake at the epicentre was approximately 15h. 50in. 
Indian Standard Time. 

The cases of Colombo and Kodaikanal then require further 
consideration. Taking the rate of 111 miles per minute as being 
approximately the established rate of travel of the long waves, 
then the Sismographs in these Observatories commenced to record 
them about five minutes earlier than they should have done, had 
they been recording the long waves that emanated from the 
Srimangal epicentre. There is no reason to suppose, that the long 
waves travelled from Srimangal to Kodaikanal and Colombo at 
vastly greater rates than they did from Srimangal to Batavia 
and all the other quoted observatories, and the inference seems 
unavoidable that the long waves recorded on the Kodaikanal and 
Colombo instruments came from some point nearer to them than 
Srimangal. This agrees with the inference drawn by Mr. Evans of 
the Colombo Observatory quoted in the newspaper article above. 

It is, I think, extremely doubtful whether the subsidiary 
centrum oil Akyab answers the requirements necessary to produce 
the Kodaikanal and Colombo seismogiams, since it is sulficiently 
far away for the waves emanating frojii it to be separated into 
preliminary secondary and long Avaves by the time they reached 
the Kodaikanal and Colombo instruments, and it seems probable 
that there was still another centrum situated under the Bay of 
Bengal sufficiently near to Colombo and the Madras coast for all 
the w'avcs to reach the Colombo, and also the Kodaikanal, instru¬ 
ments at the same momept, the “ felt *’ area of which lies under 
the Bay and consequently was not observed. This centrum was 
also probably shallow, and from the recorded times, it would appear 
that the shock was a “ sympathetic ” one and not simultaneous 
with the Srimangal one. 

Tn other Avords it scorns to me most probable that the preli¬ 
minary tremors from the Srimangal centrum induced, or started, 
a sympathetic earthquake having a centrum under the Bay of 
Bengal, not far from the coasts of Madras and Ceylon, and that 
all the AA^aves from this ceiitruni, together with the preliminary 
tremors from the Srinumgal centrum reached the Colombo and 
similarly the Kodaikanal instrument at practically the same 
moment. My reason for thinking thi.s is deduced from a consideration 
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of the rates of travel of the preliminary waves or tremors in the 
Siimangal earthquake. If it is assumed that the beginning of the 
shock registered at Colombo and Kodaikanal corresponds with 
the arrival of the preliminary waves from the Srimangal centrum, 
then the rates of travel of these preliminary waves to the various 
observatories is given in the following table 


Observatory. 

Distance 

from 

Srimangal 
in miles. 

Time of arrival 
of preliminary 
waves. 

Bate of 
travel in 
miles per 
minute. 







n. 

M. S. 


Dobra Dun 

• 

• • 


• 

936 

15 

54 15 

220 

Simla 

• 

m • 


• 

1,008 

16 

65 20 

188 

Bombay 

• 

• • 


• 

1,264 

15 

56 4 

203 

Kodaikanal 

• 

• • 


• 

1,336 

15 

.56 4 

220 

Colombo 

• 

• • 


• 

1,432 

15 

58 0 

240 

Batavia 

• 

• • 


• 

2,280 

15 

68 64 

256 


It will be seen that the rates to Colombo and Kodaikanal agree 
very closely with the rates to the other observatories, and there¬ 
fore it would seem that a sej^arate and distinct earthquake shock 
must have occurred under (he Bay of Bengal, that it was a sym¬ 
pathetic one and occurred when the ])relimiuary tremors from the 
Srimangal carth(|uako reached its centrum, and that from thence 
its owm tremors and waves went oji together with the preliminary 
tremors of the Rrimangal earthquake to Colombo and Kodaikanal, 
giving a confused record in both cases. The same reasoning seems 
to apply to the Akyab centrum, that a ^mpathetic shock occurred 
there and not a simultaneous one. The observed times in this 
case are unchecked by any instrument records but the times recorded 
by the various observers, south of Akyab and Monywa are earlier 
than would be expected if they recorded the arrival of the long 
waves from the Srimangal centrum and later than would bo expected 
if they recorded the w^aves caused by a shock occurring in the 
Akyab centrum simultaneously with the Srimangal shock—?.e., at 
] r.h. 50m. Indian StiUndard Time. It . again appears as if the 
preliminary waves from the Srimangal centrum reached the Akyab 
area and there started a sympathetic shock, the waves from which 
reached Burma earlier than the long waves from the Srimangal 
centrum did. 
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These sympathetic shocks will be discussed at greater length 
in the final report. 

VI.~FORE-SHOCKS AND AFTERSHOCKS. 

A number of aftershocks occurred after the main shock on 
8th July, but discussion of them will be reserved for the final I'eport. 
In addition to these there is evidence of at least two fore-shocks, 
one between 2 and 3 a.m. on the morning of 2nd July, and the 
second between midnight and 1 a.m. on the morning of 7tli July. 

These shocks were only felt locally in the inmicdiatc neighbour¬ 
hood of the epicentre and did not register on the Calcutta seismogra}di; 
that of 2nd July was felt both at Kalighat and J^hulcherra while 
the one on the morning of 7th only woke up people at Kalighat. 
Both of these fore-shocks wcie acc()m])anictl by a noise likened 
by Or. Mumford to the breakuig of a wooden beam in the c.as(i of 
the first one, and to a dull thumping nois(^ in the case of the s<^coijfl 
one. 

VII.—DEPTH OF THE FOCUS. 

Ill attcinpting to determine, as far as ])ossil)le tins tieptli below 
the surface at which the focus lay, only one method, of the many 
proposed by different authors, can be applied in the pjcsent case, 
and that is the method proposed by Major C. hi. Dutton.^ This 
method depends upon the assumption that, in a uniform niediuni, 
the intensity varies as the scjua.rc of the distance from the origin, 
and it is shown that the variation of snrjaca intensity along a hori¬ 
zontal line drawn from the epicentre is most rapid at a particidar 
point which depends upon the deptli of tlio focus only; a point 
also where the intensity must be fkc inaxiinmn intensity at 

the epicentre. The relation between the two is exhibited by the 
formula X=Q tan 30® where X is the horizontal distance of the 
place from the epicentre and Q the depth of the focus. If X is 
known, then Q=Xv/ 3. 

On applying this formula to the presc.nt earth(j[uaUe liy making 
a section across the epicentral tract near Sr iiuaugal at right angles 
to its long axis, it appears that the intensity rleclim s, or var ies, most 
rapidly at points situated about 5 miles from the e 2 )icential line. 
The focus, therefore, under Baliscra valley must lie at a dexrth below 
the surface of about by/ 3 miles, i.e., between 8 and 9 miles. 


^ “ Earthquake in the light of the new soiamology, ” Chapter IX, (1904). 
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Owing to the fact that buildings arc few and scarce over the 
cpicentral area, it is impossible to fix the jioinl where the surface 
intensity declines most rapidly, with any degree of accuracy, and 
the above estimate of the depth of the focus inuler the Balisera 
valley is, at best, only vague; nevertheless it is the nearest approxi- 
matioji that can bo made. At the ’^^est-norih-\vcst end of the 
epiceutral area the observations are too. few to enable any calcula¬ 
tion to be made, most of the country l)oing low lying rice fields 
which at the time of the earthquake vvcie iivuiidated owing to the 
unusually heavy monsoon. 

Owing to the inaccuracy of practically all the observations 
in respect of the time at which the earthquake occurred at different 
places, it is impossible to calculate the dc])th of the focus by the 
method proposed by Dr. Aug.' Hchmidt based on the obscrv(>.<l 
rates of travel.^ The observed times in different places quoted 
in the foregoing pages, arc obviously inaccurate and unreliable. 
The various railways have very kindly furnished me wdth the limes 
the earthquake was recorded from the railway stations, but unfoi- 
tuiialcly these records also contain so many obvious jj)accuracic,; 
that they arc useless for the purpose required. Consequently the 
construction of a hodograph is impossible. 

VIII.—SURFACE EFFECTS. 

No changes of contour and diainagc, or formation of fault dills, 
have been recorded as the result of mass movements of the solid 
rock from below upwards, such as occurred in the Assam Dartb- 
quakc of 1897 or the Japanese Baj’thquako of 1891, but many 
instances of slips along the sides of steep slopes, and subsidence 
along the banks of rivers and streams, occurred, due to the caith- 
quake vibrations loosening material sufficiently for the force of 
gravity to make it slip in a downwai'ds direction. Ueiierally, 
throughout the area enclosed in Isoseists No. 1 and No. 2, the sides 
of steep hills and railway cuttings luive suffered small slips. . The 
railway embankment leading up to the Fonchuganj bridge on the 
Kalaura-Sylhet section settled considerably, and in places left the 
radway track hangitig in air ; many builditigs such as the railway 
station at Kishorganj, and buildings at Netrakona were cracked 
owing to the settlement of the ground on which they are built. 
The railway station well at Gourigram sank below ground level, 

^ JaliTOdlieft, Vor. f. vaterl. Naturk. iu Winftemtoia, XLlV'i». 227 , (ISU'j;. 
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and many well-piatforms sank several- inches, particularly at Netra- 
kona. The most striking surface effect was perhaps the pouring 
out of water, sand and mud, from fissures and vents in the ground. 
The theory of this phenomenon has been fully discussed by Oldham 
in Memoirs Geological Survey of India, Vol. XXIX, pages 86-111, 
and it is only necessary here to mention the places where the pheno¬ 
menon was common. Cases of sand and water issuing from the 
ground are common in the epicentral area, and the instance may be 
quoted of the Phulcherra Tea Estate where simultaneously with 
the collapse of the bungalow, numerous vents occurred on the 
tennis-court from which water and sand spouted up to a height of 
several feet. When these subsided the tennis court was found to 
have settled irregularly so that instead of being level it was a series 
of mounds and hollows. 

Similar cases of the spouting out of sand and water arc repoiied 
from Sylhet, Agartahi, Conulla, Kishorganj and Netrakona. The 
phcnomenoji seems to have been exceedingly common between 
Courigram and both Netrakona and Kishorganj, the borrow pits 
by the side of the jailway line being frequently filled up with sand 
and mud that had issued through vents in this way; some of the 
wells at Netrakona filled up with sand and water and overflowed. 

Cracks due to subsidence of the alluvium were not infrequent, 
but these were almost invariably parallel to a road, river, or 
embankment. In addition to the above cases occurred of move¬ 
ment and bending of both tramway and, railway lines. The tram¬ 
way lines in both the Balisera and Doloi valleys wore in places 
moved a distance of several feet laterally from their alignment, and at 
Gourigram where there is a triangle* instead of a turntable to enable 
railway engines to turn around, the two sides of the triangle were 
considerably bent, -one rail being found to have a curvature equiva¬ 
lent to a radius of 30 feet. The base of the triangle which was 
facing the epicentre, and approximately at right angles to the direc¬ 
tion in which the waves came, was not affected. Numerous cases 
are recorded also of movement having occurred in the piers and 
abutments of railway bridges, paiticularly in those lying along the 
direction in wliich the earthquake shock travelled. 

LIST OF PLATES. 

PuATE 11.—^Map showing the epicentral area and IsoBcitjU Nus. 1, 2, !J and 4. 
Plate 12 —Map of India showing area over which the earthquake was felt. 
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Possible Occurkence oe Petroleum in Jammu Pro¬ 
vince; Preliminary Note on the Nar-Budhan 

Dome, of Kotli Tehsil in the Punch Valley, 
By C. B. Middlemiss, C.I.E., B.A., F.G.S., F.A.S.B., 
Superintendent, {Mineral S-mvey of Kashmir. (With 
Plates 13 to 16.) 

I—INTRODUCTION. 

A lthough Uie issuin'^ of preliminary reports is often objection¬ 
able, the matter discussed in this note, 

pleter^***^****^” namely the possibility of there being a petro¬ 

leum supply in the State, is of such import¬ 
ance that I have not hesitated to do so in this instance. To avoid 
giving a false impression, let me say at once tliat so far I have no 
surface traces of actual oil to record, though these may yet be found 
on further detailed search. Briefly, what 1 have discovered is a 
natural reservoir of the best type, suitable for the underground 

cmicentration and storage of oil; and this natural reservoir or 

‘ dome ’ occurs in rocks of similar age and identical structure and 
lithological character with those of tlio neighbouring oil region of 
the Rawalpindi plateau. The precise significance of this discovery, 
from the point of view of the chances of the jeservoir now con¬ 
taining oil, will be fully discussed later in this paper. 

That this account must necessarily be a preliminary one is 
evident from the fact that the exaniiTiation of the whole province 
is still incomplete ; a drawback that is unavoidable in view of the 
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large extent of country involved, which renders the exploration 
of the whole of it a matter of several cold-weather seasons rather 
than of the one or-two months that I have so far been able to devote 
to it. 

But, although incomplete, this account will set forth in detail 

a number of facts of special interest, and 

Although incom- lay a foundation so-to-speak for future 
picle It is self'Contained ., , i t ^ ^ mi 

and trustworthy. Itrogress. All subsequent work, 1 trust, will 

be of the nature of additions rather than of 
extensive alterations. In other words this preliminary account 
may be regarded as a first and most essential chapter or instalment 
of a subject, that is naturally of some magnitude, to which other 

chapters will be added as the area examined becomes more com¬ 

prehensive. So far as it goes this first instalment is self-contained 
and trustworthy. 

A second reason for putting this note on record now is 

that it describes and summarises a definite 

This report de> hcld-scason’s work. It is always desirable 
scribes a definite field- , , r -r' r 

season’s work. in the interest of the writer, if not of the 

reader, to take stock of the results attained 

at the end of any work period, so as the better to appreciate what 

still remains to be done and to lay plans accordingly. A subject 

like the investigation of petroleum is particularly suitable to tbis 

treatment because of its concrete, circumscribed nature, whereby 

it ordinarily does not overlap any other mineral enquiry. 

Lastly it is desirable as early as possible to ventilate the subject, 

which is entirely new in Kashmir, Hence an 

Vcntilafion of the immediate statement of results may be valu- 

arouse general interest, able m arousing an attitude of sympathetic 

interest among other departmental of the State 
towards the subject of oil, and so lead to a general search for the 
occurrence of seepages of oil, gas, and hot or other mineral springs, 
all of which phenomena are so many surface signs that frequently 
accompany and disclose the presence of oil below. 

Whatever be the immcjdiate outcome of this report as regards 

w ^ policy of test operations, the detailed facts of 

a ue 0 e resu s. composition of the rooks of the 

area, accompanied by large-scale plans, sections, views and photo¬ 
graphs herewith recorded must always have their own proper value 
as being exact morphological data, without which no intelligent 
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developmental operations of any kind could be contemplated in 
the future. Incidentally it may be remarked that the quantita¬ 
tive, graphical delineation to scale of these results has only now for 
the first time been rendered possible by the new contoured V=1 mile 
topographical maps of the area, recently issued by the Survey of 
India* 

It would be superfluous in these days to urge the claim that 

petroleum has to special consideration. Its 
.nSTStWr"'*' well-known ability to yield liquid fuel, Inbri- 

eating oil, illuminating oil (kerosene) and the 
lighter forms of petroleum spirit (petrol) sufficiently summarises 
its manifold uses. It may, however, be remarked that in one respect 
the discovery of oil in this part of India would be specially advant¬ 
ageous. For, whereas the other chief oil-producing jjaits of India, 
namely Burma and Assam, cither have coal of their own or easv 
access to supplies of it by sea or river tiansport, tlie north-west 
portions of India, on the other hand, possess little or nothing in 
the way of solid mineral fuel. TTence for this purpose alone—namely 
as litjuid fuel for loeomotives on the railway and for other stationary 
oil engines now rapidly coming into vogue in this country—^the 
discovery of stores of oil would be an inestimable boon ; although 
this use for oil is less remunerative than others. 


It may also be noted that in India, as indeed in all parts of the 

world, the universal demand for petroleum 
constantly prytiucfs jg steadily rising, in consequence of 
their use in internal combustion engines for 
motor transpoit by road, and in light-weight engines for all forms 
of aircraft. 

The present and immediate fiitui'c may be regarded industrially 
as the age of oil as contrasted with the age of coal, which latter 
having reached its maximum of output in many countries, must 
soon begin to decline. The special conditions engendered by the 
war have further increased the intrinsic imjiortanre of new oil 
discoveries, whether here in India or elsewhere, and clearly point 
to the desirability of intensive exploitation of all })Ossible sources. 

T may close this introductory chapter liy a few remarks on the 

scientific search for petroleum. Oil explora- 

OII exploration de- tion and exploitation, in the modern sense, 
pendent on exact x i c 

geological data. as a serious mdustnal enterprise, is only ot 

verv recent grovsdh, dating in fact from the 

.-1 j .-I . ^ 

B 2 
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year 1859, when the first oil well was drilled; 'since which date the 
extraction of oil has proceeded by leaps and bounds. But, even so, 
the locating of a site for an oil-field was for a long time almost entirely 
acridental, foiluitous or unregulated. It is only within the last 
decade or so that such investigations have definitely taken rank 
along with those of other mineral products as a branch of •exact 
science, and in particular as a branch of geological science. It 
is significant that the principal oil companies in India have each 
now had for some years a group of fully qualified geologists on their 
stall who arc continuously engaged in exploring all the conditions 
under which new oil-fields may be located and old ones extended. 
Of still more significance is the recent progress in the scientific 
niclhod of oil exploration made in America since the war began ; 
as the following extract from Mi?ieral Industry during 1916, Vol. 
XXV, pp. 538-5.S9, will make evident :— 

‘In 1916, between 450 and 500 men were employed in geolo¬ 
gical work in Mid-Continent oil fields, auS against four or 
five in 1913. There are, I should judge, 250 geologists 
in these fields and the other men are assistants, instrument 
men and rod men, nearly all of whom have had geologic 
and engineering training but have not had enough experi¬ 
ence to be classed as geologists though they are generally 
known as such. 

The growth of geology is due to the fact that in the past 4 
years, 1913, 1914, 1915, and 1916, 32 out of 45 pools or 
71 per cent, of the pools discovered have been the result 
of geological work. 

The success in average “ wildcatting ” without geologic guid¬ 
ance, is one test in one hundred and fifty. Geologic work 
has reduced this to one in three.’ 

The above facts are eloquent as advocating the urgency for 
systematic examination of alt possible areas for petroleum in the 
light of the geological structure and history of each area. Oil¬ 
fields undoubtedly have in many cases in the past been found by 
random search, as one might look indiscriminately for buried 
treasure, but at the expense of untold amounts of misdirected and 
wasted energy. One is justified in expecting much more of certainty 
and economy from a rationally directed and scientifically infused,, 
search. 
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It is hoped that the following account of such an investigation, based 
on accurate survey work, may lead to proportionately valuable results. 

II.—PRELIMINARY CONSIDERATIONS AND INVESTIGATION. 

At the outset of any enquiry regarding the possibility of oil 

occurring in Jammu ProviiKje, we have the 
known facts following known facts of sj)ccial and general 

application :— 

In the first place Jammu Province, along the valley of the Jheluiu, 

is contiguous to or marches with the Rawal- 
The area is contigu* pindi district, where oil has long been known 
-area on the north>west. present, and where cnorts to obtain it 

in marketable (juantities, after many failures, 
have recently been crowned with success by the discovery of the 
Khaur oil-field near Pindigheb. Although as much as lialf a 
million gallons of oil were extracted by the Attock Oil Company, Ld., 
during 1915 and 1916 (see Rec. Geol. Stirv. of hid., Vol. XLVIIT, 
Pt. 2, ]). 52) from this field, it is (owing to various circumstance's) 
still only in the experimental stage, though enough is known to 
show it to be a promising field. A recent paper read by Mr. E. S. 
Pinfold, Geologist to the Tndo-Burma Petroleum Company, Ld., at 
the Indian Science Congress held at Lahore in January 1918, 
has summarised the data available regarding the history of 
petroleum in the Ihinjab.^ Some notes on this will be found in 
the Appendix to this account, and numerous references to the 
geological structure subsisting at Khaur will follow in the next section 
of this report. For permission to reproduce these 1 am indebted 
to the kindness of the Indo-Burma and Attock Oil Companies. 

Secondly, in the other direction, Jammu Province marches 

with Kangra district, wliere the long-known 
The area is contigu> gas seepage of Jawalamukhi is an outward 
Se south^easr"***^ sign of oil beneath the surface, although this 

area has not yet been proved. 

Thirdly, the w'hole of the belt of stratified rocks in Jammu, 

embraces a section of the Sub-Himalayan rocks 
It forms part of a Tertiary age from Eocene upwards, which 
ierous belt. arc identical in composition, age and litholo¬ 

gical characters with those of the petroliferous 

‘.7. <tf P. A. /S'. XIV, No. i)p. clxxiii—clxxxiv, (191S). 
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seriefik in the«- neighbouring Rawalpindi district. They are also* 
identical in age with, but differ in some particulars lithologically 
from, the petroliferous series in Assam and in Burma and also in 
thu newly discovered fields in Persia. In fact they form with these 
knowm petroleum-bearing areas what is really one continuous but 
intricately winding bolt of deposits belonging to one comprehensive 
geological epoch, that stretches from Persia on the one hand to the 
extreme south of Burma oh the other. It is also equally true that 
in general characters and in age these rocks exposed in Jammu 
agree with those of a great proj)ortion of the more distant success¬ 
ful oil-fields of the world, notably 'with those of California, Peru, 
Russia, Rumania, Galicia and Sumatra. 


It is thus clear that there exists a strong presumption for suspect¬ 
ing that the low foot-hills of Jammu, lying wdthin and as part of 
one of the petroliferous belts of the world, might very well yield 
oil over some parts of their area. It was mainly from a considera¬ 
tion of the above general facts that an examination with this object 
seemed to me imperative, and sanction to undertake it was accord¬ 
ingly obtained. 

The suspicion that the rock formations of the Jammu foot-hills 

might contain hidden oil-fields arising from the 
oil-field.*** facts just enumerated, led me to examine what 
was already known and recorded of the geolo¬ 
gical structure a.nd stratigra^Dhy of the Jammu region and to compare 
it specifically with that of the Rawalpindi area. In this compara¬ 
tive examination I received much assistance from Mr. Pinfold, 
who during early Febriiarj^ with the courteous permission of his 
company, w^as kind eJiough personally to conduct me over the- 
Khaur and Dhulian fields near Pindigheb and to show me every¬ 
thing there was to be seen wdthout reservation. 

After this' preparatory work at Khaur I proceeded straight 

to what I anticipated to be a somewhat similar 
a replioTof ^Khaun region (from a stnictural and stratigraphical 

standpoint) in the lower reaches of the Punch 
R. in Mirpur and Kotli tehsils of Jammu. After some weeks of 
search I w^as rewarded by the discovery of W'hat I have named the 
Nar-Budhan ‘ dome ’ (after the two villages of those names on the 
left bank of the Punch R. lying 10 milqs south-west of Kotli town 
and 15 miles north of Mirpur). This dome I found to be strikingly 
similar to the Khaur dome from a large number of most important 
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points of view, and it is on the basis of this identity that further 
investigation and consultation is proposed and, if finally found 
advisable, the undertaking of test-drilling. 

In the next section I shall describe the morphology of the Nar- 
Budhan dome, comparing it in detail with its prototype the Khaut 
dome as 1 proceed. 

III.—THE NAR-BUDHAN DOME. 


(a) Stratigraphical Features. 

If reference is made to the maps of Medlicott, Lydekker, and 

Wynne, which represent, on the small scale 
Two anticlinal of V'—g miles, the early pioneer Geological 
of ‘Murree’ rocks, Survey work done on the 8ub-Himalayan rocks 

of Jammu and the Ilawalpindi plateau {Rec. 
Geol. Surv. of hid., Vol. IX, Pt. 2, p. 49, 1876, and Vol. X, Pfc. 3, 
p. 107, 1877), Ave may observe, standing out prominently in th<» 
structure of the area, two anticlinal flexures, which cross the Punch 
R. in a north-west—south-east direction, on each side of, and 
parallel to, the troughlike synclinal fold of the Sensar (Sahnsar) 
dun. Coincident with the axes of the flexures, and obviously forming 
the cores of them, there will be found to be marked on those maps 
tw^o extended narroAv bauds of rocks of “ Murree ” age which die 
out in both directions after continuing in each case for some 25 
miles. 

Although the so-mapped cores of Murree rocks in the anticlinal 
flexures die out as stated, the flexures themselves are marked as 
continuing (with a sharp, right-angled change of direction at the 
Jhelum river) into connection with the area round Khaur, whilst 
further isolated patches and bands of so-called Murree rocks apj)ear 
discontinuously along their course. The flexures also continue in 
a south-easterly direction from the Punch R. into areas outside th^^ 
limits of our present enquiry. 

The northern of the flexures with its cojc of Murree rocks 1 

examined by a number of cross traverses, 
enor ern an . betw^een Melian and Barali, but everywhere 1 

found this strip to bo an exceedingly narrow, compressed, or tight, 
anticline with vertical or steep dips along the line of the axis. It 
was also seen that the rocks exposed in the core of the fold v/ere 
not very like normal Murree beds (which are generally of a deep 
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The southern band. 


and sometimes brilliant purple, or purple “ shot ” with green 
colour), but instead were more like those peculiar to what will 
presently be referred to as the Chinji zone, of Lower Siwalik ages. 
There was but a trace of these rocks seen in that anticline, hardly 
sufficient to map with cei-tainty in any case. Such an anticline, 
it is generally admitted, would be unfavourable for the collection 
and retention of oil, so I passed on to the examination of the south 
anticline. 

This 1 traversed across at a few places between Nawan and the 

Punch R. Tt appeared to be of more promise, 
as the band of Murrees, or Chinjis was wider, 
with less steeply dipping limbs to the anticline, and the bright, 
brick-red shales and hardened clays intercalated with j)alc tinted 
sandstones had a considerable development, especially in the stream- 
bed north-w'cst of Naw^an. 

Tbit it was at the point where this southern band crosses the 

Punch R. that T w^as agreeably surprised to 
Pu^dflR.'*^" *” mapping of the earlier observers at 

fault, for the band instead of remaining of the 
ordinary width of about 1. mile was found to become expanded out 
to a width of about 3 miles. With this expansion went a lowering 
of the inclination of the beds and the production of an elongated 
dome-structure with longitudinal faulting along the major axis. 

This constitutes the core of the Nar-Budhan dome, the main 
subject of this report. 

The general shape and extension of this will be.st be gathered 

from the geologically coloured 1"=] mile map 
illd regards the rest of the area 

its position in the just referred to, where the long narrow exten- 
round”*^* *** **** country anticlines was examined by 

me, the essential features presented by them 
may best be appreciated (sufficiently at least for present purposes) 
by a study of the horizontal sections. These sections have been 
constructed on the natural scale (horizontal and vertical being 
equal) and are four times that of the 1"=] mile map, PI. m]3. 
The outline of the sections has been plotted from the contoured 
toj)ographical sheets, and the geological details from actual traverses 
with compass-clinometer. It may thus be accepted that they 
represent not only in general outline but also in detail, the true 
amounts and curvatures of the earth folds, and, what is of great 
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importance in all cases where drilling may be required, they enable 
to calculate the thickness of the strata with some approach to 
accuracy. It would be out of place here to describe these sections 
ill any further detail, but a reference to them was necessary in order 
to obtain a clear grasp of the position and lie of the Nar-Budhan 
dome with reference to the rest of the surrounding formations. 
Horizontal fSection No. 1, PL 16, is drawn from south-west to north¬ 
east roughly through the villages of Sahalia, Amb, Bihari, Khaira, 
Sensa (fSahiisa), Bharuhian, Kaini and Panjera to the 4,937 feet 
peak, all these places being on the north-west or right bank of the 
Punch K. Horizontal Section No. 2, PI. 16, is drawn also south¬ 
west—^north-cast, keeping to the left bank and passing through 
or near the villages Palak, Kanora, Bajclhani, Nar-Budhan, 
Tharochi, Barali, Kurti and Ishidali. 

Formations rcprcseii* The formations represented in the Nar- 

Budhan dome area are as follows ;— 

rpper beds {Middle tSiivalik ).—Soft sandstones and pale-coloured 
shales, weathering into massive mural elitTs. Thickness 
exposed in the dome area immediately surrounding the core 
of lower beds, about 4,000 feet. 

Loner beds {Lower Siurdik ).—Soft sandstones with scattered 
foreign pebble layers and with jironiincnt brick-red shales 
and harder pseudo-conglomerate beds, the last being 
esjrecially deveJoperl below at the ard.iial crest r)f the dome. 
Thickness, .so far as vi.sible down to ilic. lowe.st exposed beds 
about 3,300 feet. 

Whilst th(> upjicr scries undoubtedly belongs to the Siwalik 
sandstones, as so named by the old observers, and probably to the 
Middle Sivvalik as now defined, the lower beds characterised by 
the deep-coloured shales and other features mentioned above, were 
classified by the earlier observers as belonging to the Murrc(5 group. 
A more recent study of a similar series of rocks in the ru'ighbouring 
areas of the i*unjab to the west of Kashmir by the light of 
their vertebrate fossil remains lias been made by Di'. G. Pilgrim 
of the (ieological Survey of India and by Mr. E. S. Pinfold (see 
especially Bee. (feol. Sure, hid., Vol. XEIIT, Pt. 4, pp. 261—326; 
Vol. XLVIII, Pt. 2, pp. 98—101). These researche.s make it Jieccs- 
sary that the whole of the series with the brick-red shales and the 
harder beds below, amounting to about 4,000 feet in the Khaur 
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area, should he elevated altogether out of the Murree grou]) (which 
is typically a formation barren of anythmg bur a few obscure plan 
remains). Those red beds have thus come to be known as the 
Chinji stage (from Chinji in the Salt Range) and the harder under- 
l}ing layers as the Kamlial beds (from the village of that name 
in the RaAvalpindi plateau, a few miles cast of Khaur) and in 
Pilgrim’s classification they represent stages in the Lower Siwalik. 

From the study of the Nar-Budhan section as far as it has gone, 

it seems practically certain that the series 

Comparison of the there exposed is a more or less exact roproduc- 
N^-Budhdn and Knaur .. . i j- 

horizons. of th3 Khaur and neiglibourmg sections, 

and tliercfore that the 3,000 feet or so of 
strata with brick-red shales in the Nar-Budhan dome are identical 
with the Chinji beds of Khaur and that they are followed down¬ 
wards by beds extremely like the Kamlials. The points of analogy 
between the series in the compared areas are succinctly as follows :— 

Firstly, reckoned both from a southerly direction and also from 
the north, the rocks constituting the Nar-Budhan dome show’^ 
every sign of lying in one conformable sequence down from the 
coarse river-boulder conglomerate of the Upper Siwaliks, which 
we may take as a rough datum line for present purposes. Although 
there is one interruption by faulting in the southern section near 
Rajdhani and Bihari, in the northern section, the series, as far as 
the Siwalik conglomerate in the neighbourhood of Kotli town, apjiears 
intact and undisturbed by anything except regidar flexuring. The 
same continuous sequence is manifested by the rocks of the Khaur 
dome in their relation to the overlying series as far as the Siwalik 
conglomerate of the Sohan R. 

Secondly, in the Nar-Budhan area, all the series of soft sand¬ 
stones or sand-rock and the interbedded shales in the upper portion 
of the section, which lie thus in conformable infra-position as 
regards the Siw’alik conglomerate, are solely characterised by ochre- 
tinted, grey, or ‘ khaki ’ shales or hardened clays, with perhaps a 
few’ of a brow'nisli tint, dowm to the central portion of the dome, 
where the bright or deep brick-rod shales commence. The same 
is true in the section south of Khaur from the Sohan R. down in 
the sequence to the ‘ lidge ’ group of Pinfold, which marks the 
beginning of the similarly red-tinted Chinji group. 

Thirdly, the sandstones interbedded with the bright red tinted 
shales in both the Nar-Biidhdn and Khaur areas are marked by 
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the prevalence of sparsely distributed pebbles of old foreign rocks, 
quartzites, etc. These are not large nor numerous, but can easily 
be found when the rocks have been disintegrated by surface weather¬ 
ing. 

Fourthly, the same beds in both areas are eminently cliaractciLsod 
by the presence of hardened layers of the well-known pseudo-conglo¬ 
merate. These increase downwardvS in the section, and in combina¬ 
tion with sandstone la 3 ''ers give rise finally to the more massive- 
weathering sheets of rock which partially cover in the crest of the 
dome in both cases. A small but jierhaps suggestive feature in the 
Nar-Budhan area is that these lower sheets group themselves into 
two main scarps, the lower of which is particularly precipitous 
and clifl-like, so as to stand out prominently in the topography 
and to be distinctly represented on the map, a feature wdiich is 
equally prominently noticeable in the Khaur ellipse and gives 
to it its characteristic contours as sccii from any point in the neigh¬ 
bourhood. 

Fifthly, as regards fossil contents, my examination of tjie Nar- 
Budhan area has been too restricted at jnesent to yield njucli 
positive evidence. Vertebrate bones were, however, found Jicar Nar 
at a position of from 100—^200 feet above the top hoiizon of the 
red beds, and among tliese has been identified a molar tooth of 
Mastodon, probably M. latidens. Other fragmentary and 
undetermined bones were found at one point actually in the red 
beds. So far as the above evidence goes it suggests a Middle 
Snvalik age for the .sandstone overlydiig the red series, and though 
there is nothing in my collection so far to jjiovc the age of my red 
beds they cannot very well be j)laccd with the Murrec series and 
hence must come between tliem and the Middle Snvalik. 

Sixthly, as regards thickness calculated from the scale sections 
my series above the red beds up to the base of the Siwalik conglo¬ 
merate totals 12,400 feet and that of the red beds down to the lowest 
visible bed at the crest of the dome 3,300 feet. A eomjiarison of 
these thicknesses with those of the neighbouring Raw’alpindi })lateau 
cannot be made in detail as the latter vary much and are only 
approximate. Roughly they correspond snlliciently well. 

The practical positive inferences that J feci myself entitled 
to draw from the above correlation of the two areas are that the 
3,000 feet or so of red beds forming the core of the Nar-Budhan 
dome are the undoubted equivalents of all or part of the Cliinji 
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stage as exhibited at Ediaur, whilst I think it more than likely that 
the crest-sandstone w^ith its pscndo-conglomerate layers that sheet 
in much of the Nar-Budhan dome may also with considerable con¬ 
fidence be correlated with the crest-sandstone, or lower Kamlidl 
bed of Khaur. 

This places the liorizon of the crest beds in my area either within 
measurable distance of that at Khaur or in actual agreement with 
it. In any case it is almost certainly low’^er in the series than the 
crest ])eds of the Dhulian field. The significance of this will be 
referred to again when 1 consider the prospects of oil being retained 
in the Nar-Budhan dome. 


(b) Structural Features. 

For details concerning the physical conformation of the dome 

the enlarged map on a scale of d"=l mile, 
Summary of data pj 14 and the four horizontal sections, 
mile map, ^ A, B, C, and X, Plate 10, must be con¬ 
sulted in addition to the 1"=1 mile general 
map of the area, PI. 13. It is hardly necessary to put dowm here 
all the numerous items of information con(;erning the dip.s, anti¬ 
clinal axes and subsidiary folds that can be found plainly shown 
on the enlarged maj) and sections (the maj)s and sections should 
ahvays accompany this report as they are the most important 
})art of it). 1 wdll. endeavour, however, to summarise these scattered 
items in a few w’ortls so as to bring out their more salient features, 
or those that are of chief importance in elucidating the structure 
of the dome. 

It is first of all clear that the full area of the dome, as contrasted 

with the ai’ea of any future oil-field that may 
effedive^area**”*^'**^** become possible, is very large. I am indeb¬ 
ted to Dr. K. H. Pascoe, Siipeiintendent of the 
Geological Survey of India, for drawing attention to the special 
significance of this. The larger the dome area, the greater the 
prodmdivity of the field, other things being equal. The Nar- 
Budhan dome area which extends far beyond the Chinji outcrops 
may be defined as limited ()n the north-east by a position just south 
of Tharochi and on the south-w’cst by one just south of llajdhani 
'—places which are G.J miles apart as the crow flies. The positions 
are of course at points w'here the outw'ard dipping dome surfaces, 
after gradually lowering in angle, reach the value of zero or hori- 
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zontality. As a matter of fact the effective dome area, reckoned 
at the various levels below the surface that would be accessible 
to drilling and where oil sands might be struck, would be some¬ 
what less than this, owing to the curvature of the fold. In conse¬ 
quence of the elliptical shape of the dome and the way the major 
axis tails out indefinitely in north-west—south-east directions, 
it is hardly feasible to quote any measurements in this direction. 
But, as before, reckoning the effective part o]ily, it jnust be at 
least as long as and probably longer than that in the othei- direction. 
We may certainly take 5 miles along each axis of the ellipse as a 
reasonably safe estimate for calculating the dome area that would 
be effective at moderate depths, that is to say the area from which 
upward concentration towards the crests of the dome would be 
operative, assuming oil to bo present. 


Among the multiplicity of dip amounts marked on the map 

it will be seen that the angle of 40® or 45® is 
dl^of^the dome**”* very recurrent;. It may very well, 1 think, 

be legarded as the normal north-east^—south¬ 
west dip angle. Wherever larger amounts such as CO®, 70® and 
80® appear locally, they are generally balanced in the vicinity by 
others of less than 40°, thus keeping the average about the same. 

A longitudinal axial fault, running rather irregularly as regards 

detail in a roughly north-west—south-east 
Longitudinal axial direction, splits the central area f)f the dome 

twin dome. Iwo halves, i)roduc]ng m fact a twin 

dome, the dujilicated axes of which may collec¬ 
tively be regarded as the axis of the dome as a whole. This fault 
in its north-west extension at certain places, such as just north of 
the southern crest and in the bed of the Piiiioh Tl., is iirobably of 
no, or very little, throw, it being almost merged in the fold by 
which it originated, but to the south-east in the main-stream bed 
mile south-south-west of Budhan the relative downward dis¬ 
placement on its north-east side is considerable, amounting to over 
1,000 feet. 

The effect of this downthrow on tlie structure in the north-east 


Differential effect of 
the fault on the north¬ 
east semi-dome. 


the main-stream. 


and east parts of the dome is remarkable, 
as it bends down the Mifldle Siwaliks of the 
Pir Durug hill near the 3,785 feet point towards 
the fault, lowering them nearly to the level of 
Its effect also on the Lower Siwalik (Cbinji bedsy 



204 Record,'! of the Geological Survey of India. [VoL. XLIX. 


has been similai', and at the same time it splays out the north 
anticlinal axis at the village of Budhdn and south and cast of it to 
such an extent that, what would otherwise have been the pitch of 
that axis, now coincides with the actual dip of the beds, the amount 
being between 20° and 35° in radial directions between east- 
south-east and south-south-east. 

This makes the south-eastern half of the north-castei n semi-dome 

quite unlilio other parts of tlie area an<l gives to 

nor«li-eas"semi^^^^ much gentler inclination as a whole. This 

is well illustrated by the longitudinal horizontal 
section (iSection X). To this cause also are due the regular lowering of 
the dip angle in both Chinjis and Middle Siwaliks in the neighbour¬ 
hood of this arc of iunction, wliich curves west of Noki and north- 
west of Bhajov/al, and the veering of the general direction of dip 
from north-east in th(i Punch liver-bed to east-nojth-east, east, 
east-south-east, and south-east at Bhajowal. Notwithstanding 
this more or less regular sweep round of the directions of dip and 
strike, it is complicated by steep little puckcrings at several places 
nortli-wcst of Bhajowal and south-east of the 1,920 feet hill, which 
however do not affect the general disj) 08 ition of the mass of the 
Chinji beds bedow and the mass of the Middle Siwalik above. They 
may perhaps be understood as minor puckcrings chiefly devclo})cd 
along the line of junction of the Chinjis and tlio overlying strata. 

The north-west half of the notth-cast semi-dome where it crosses 
the Punch R. is much more regular, thougJi 

North’West half even here some secondary small foldings arc 

dom”***^*** manifest. Some way beyond the Punch R. 

towards the north-west, the structure ceases 
to liave any dt)me characteristics and a])pears to settle down into 
the normal, rather steep, anticlinal fold, which beyond Darliah 
probably has much the same character as further north-west at 
Khaira and Nawan. These inferences could not be substantiated 
at the time of my visit, as the trans-Puuoh ai’ca was inaccessible f«)r 
want of any means to cross the flooded river. 

. The crest of this north-east semi-dome is well seen to lie about j 

mile west of Budhan, the axis cutting diagon- 
Crest of north-east p across the little ridge outlined bv the 

2,000 feet contour which lies between the mam 
stream and the Punch R. The axis and crest have become defined 
at this point by the broad area of gentle dips south-east of Budhan 
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<rivin<» way to an area more compressed in north-east—south-west 
directions, so that those gentle dips now coincide with the pitch 
of the steeper fold, whose chief directions and amounts of dip are 
now south-west and north-east respectively at about, 10 and oO . 

The sketched view (PI. 15) illustrates the general features near 
the crest as exposed in and near the point where the axis crosses 

the main stream-bed. , n r i-i 

West-nortH-west of the crest the antTohnal fold of the north- 

east semi-dome continues to be of the 
Anticlinal fold west- comT)ressed kind down to and just beyond 
north-west of crest. IVxich. Here the pitch is of course to 

the west-riorth-west, bcino almost equal in ammmt to the slop. 
of the hill. Here and there at points on the axis iicai the use 
of tho aloirc, the rolling round of the dip can bo soeu to prove the 
pouition and pitch of the axis. Although the position of the actual 
crest is qiven as aliove at a point J mile west of Budhau, tho 
of the Iciielh of the a.xi 3 from hero to the Punch K. must have very 

ucarlv a crcstal value. ^ , 

The cmerveuce of the aiiticliuc in the river chIT on the other 

side of the Punch R. is well seen, but was not accessible at the time 

The Tb!ve will ho suflicieiit to summarise the chief structural 
aspects of the north-east somi-douie, with perhaps the additional 
nLrU that the mural scarps of the Mhhllc Siwalih ^oft saudstoues 
and shales as exposed on the ridpo south-east of Kothian on 
that near Nehi, and that of Pir Tfutiic lull afford “ 
of one portion of the dome by the way they partiall/ riu„ lound 
the north-east side of the area in a panorama or amphithe.atre of 

steep escarpments. 

We now come to the area of the other semi-dome lyulv south- 

west of tbe longitudinal central fault. Heie 
South-west semi- prevailing dips are fairly steady to rii«» 

south-west at about 45'\ but steepening a 
little in proximity to the crest. From some [ilaces, sncli as the 
caumiC cround at the north-west part of Nar village the views 
look[nu"north-west give a good idea of this general direction of dip, 
iranglc just here being rather low (3b“). Across the Huach li. 
Z Sinuation of tho same towards the .^.32.5 feet u shows 
nro.u:es 3 ive bending of the stvike, which is well dc mod by the 
hhhsHe breaking "up into several subsidiary curved dip slopes 
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Thus the dip directions become eventually west-south-west and 
west. by south instead of south-west or south-west by south. This 
arc of curvature, though not- so marked as, is complementary to, 
that at the north-?east side of the dome and is sufficiently pronounced 
to complete the picture of the dome. 

Near Dugar a subsidiary syncline, followed by an anticline. 


Subsidiaty fold. 


borne on the main fold, spreads out the width 
of this part of the south-west semi-dome and 


carries the outcrop area of the Chinjis in a north-west lobe or projec¬ 


tion in that direction. It will be observed that this minor undula 


tion is almost compensated by the very steep dips of 80° at the 
south-west edge of the Chinjis. This is followed by dips 70°, 60°, 
50°, etc. gradually lowering in the gorge of the Punch as the over- 
lying Middle Siwaliks continue the structure towards Eajdhani. 
The continuation to the north-west of the Dugar minor flexure 
borne on the main one is well seen near Chhochh and illustrated 


in horizontal section No. 1. 


The anticlinal axis and crest portion of this semi-dome lie close 

up near the fault in a parallel position to the 
north-east Bemi-domc on the other 
side of the fault. The flexure in this case is 


compressed throughout its whole visible course and shows no 
tendency to splay out like the position south-east of Budhan. It 
may be well studied in the river-cliff on the trans-Jhelum side of 
the valley, also at.,the position marked * Crest ’ on the 4" map, 
and again in the main stream section ^ mile north-east of the 2,045 
feet conical hill. At all these places the rapid rolling round of the 
dip is very eloquent as to the pitch of the axis in both directions 
from the crest. The cliff of crest-sandstone stretching north-w^est 
of the position marked ‘ crest ’ up to the gap leading down to the 
Punch valley is particularly precipitous and reminiscent of the 
Khaur crest-sandstone. 

We have already seen in section [II («) that pctrologically the 

Nar-Budhan dome occurs -in rocks that 


Cotnpatison of struc- every assurance may be classified 

and Khaur, « h « stratigraphically with those of Khaur, 

although palaeontological corroboration of 
this is so far only very poor. This poverty will probably be reme¬ 
died in the future, for the discovery of fossil remains of the type 
present in these rocks.is largely a matter of time, depending on 
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accidental finds made by the local inhabitants, who require to get 
accustomed to looking for and reporting such finds. 

If we now compare the structure, we shall see that the resem¬ 
blance between the two areas of Nar-Budhan and Khaur is also 
very complete. The general dip in the Chinjis in both cases is about 
40° or 45.° As regards the crest-beds, however, whereas there is 
a slight steepening in my own area towards the crests of the dome, 
the position at Khaur is rather in favour of a slight flattening near 
the crest. In both areas, again, there is an axial fault, making 
two complementary dome areas, and the general elliptical shape 
and size of the areas arc about equivalent. The area available 
for drilling, that is, the area of the j)ossible oil-field is also very 
much the same in both cases, though the somewhat flatter crest at 
Khaur would give that area a slight advantage. In both cases, 
also, the size of the general dome-area is large compared with the 
possible field, or drilling area, so that concentration, equally in the 
two areas, would procetid from a widely extended underground 
area. 


IV.—PROSPECTS OF OIL. 

/ 

We now come to the (juestion as to whether this Nar-Budhan 
dome (natural reservoir suitable for containing 
domT*contartf'oH*?****” actually does contain oil. 1 have already 

remarked that, so far, no oil seepage has been 
detected in the Nar-Budhan neighbourhood, whereas there is one, 
and one only, at Khaur. Mi'. Pinfold came on this entirely by 
accident, and it was not generally known in the history of this 
part of the Pujijab. There is, therefore, still the possibility that 
some small masked oil seepage may yet be found in the Nar-Budhan 
area. If it is found, the prospects of there being an oil-pool below 
wdll no longer be problematical, but cei-tain. 

Meanwhile, in estimating the general probability of the case 

as it stands without the endorsement of a 
Oil at Khaur deemed seepage, it is necessary to remember that 
rocks. according to Pinfold the oil at Khaui' is not 

inherent in the rocks in Avhich it is found. 
The mother-rock of the oil throughout the Punjab occurrences is 
deemed to be at a much lower horizon in the stratigraphical sequence, 
namely, among the passage beds between the Hill Nurnmulitic 
limestone and the overlying Lower Chharat stage. Apart from 
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general principles, the particular local evidence for this opinion 
seems to he chiefly the fact that most of the seepages in the Punjab 
occur in these lower-situated rocks, although no successful field 
has ever been develo])ed in them after many and various trials. 
The oil generated in the mother-rock is supposed to have migrated 
from it up into the oil-bearing sands of the Khaur dome where we 
must further suppose that it found a convenient underground home 
for its storage and retention. 

The mother-rock is not certainly known in the Khaur area, but 
lies a considerable distance away both to the 
ihJoil north and south. Us presence below the 

Khaur area is therefore inferred onlv. It 

•* %! 

is not at present possible to say whether in the Dandli-Dhannah 
area to the north of the Nar-Budhan dome the rogks there represent 
the particular horizon of what is regarded as the mother-rock, 
elsewhere. Nummujitic limestone and shales there are, but further 
investigation and fossil determination are required before one can 
say definitely whether the particular bed deemed to be the mother- 
rock is included or not. No seepages w^erc found there by my 
survey. 

I do not think it would be of any advantage to discuss this 
particular aspect of the case in further detail 

Exact method of oil- now. All oil experts admit that the subject 
generation but little , ■] ■ i i i ^ 

understood. generation is only vaguely known at 

present, and many details arc disputed ; whilst 

the problem of migration is in an ciiually nebulous state. It does, 

however, seem reasonable to postulate that by whatever little- 

understood process the oil attained its present habitat in the Khaur 

dome, the same process may have opeiated to bring about its 

presence in the in every w^ay similar Nar-Budhan dome. 

In this connection it may not be out of place to record that 
the vertical height above sea-level of the crests 

above sea-lever**^ areas is the same, namely, about 1,500 

feet. In view of what may be regarded as a 
settled belief (among much that is disputed wdth regard to oil) 
namely, that oil rises into domes and similar structures by hydro¬ 
static pressure—flowing in as it displaces water until static equili¬ 
brium is attained^—it may not be without significance that the 
two dome areas of Nar-Budhan and Khaur agree in being at about 
the same altitude. On the same admitted principle (that all first. 
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class oil-fields are structurally of the nature of a dome or similar 
anticlinal flexure) it is clear that, as regards this condition, the 
Nar-Budhan dome is in an equally advantageous position with 
Khaur. 

Dr. Pascoe has, however, pointed out that suitable domes or 

other ideal structural conditions, even when 
**** they occur along the same strike as that of 
well-known productive fields such as Yenang- 
yanng, do not always yield oil (the Ondwe field in Burma being 
quoted in support of this). We must, T think, accept this as 
undoubtedly true aiid be prepared in any case for possible failure. 
It indicates that oil-generation conditions (whatever their nature) 
are patchy in their distribution and not continuously extended 
in absolute sheet-like form. Hence, when the rocks arc crumpled 
up a}id thrown into folds, it may just happen that the most suitable 
fold, namely the dome, may have arisen from what was a barren 
patch in the conditions of the area. 

Tlic caution is one that it is necessary to rememlxu’, in weighing 
the chances ; for in oil matters one goes on chances and not on 
certainties. The question w^e have to solve is not whether we are 
sure to find oil in the Nar-Budhan dome, but whether it might 
not be worth while testing it to find out whether it is there or not. 
One cannot apparently apply the principle of the dome as a sure 
and certain guide to finding oil, except when it is in sufficient })roxi- 
mity to other proved fields and in rocks of the right horizon. M«*st 
oil experts would probably agree that the 80 miles separating tin 
Nar-Budhan dome from Khaur would hardly warrant one in regard¬ 
ing them as being sufficiently closely situated for.analogy to lie an 
infallible guide, in spite of the large scale of all the surrounding 
conditions, such as the enormous thickness and extension, of t!tc 
formations concerned, and their position at the foot of a ram’C 
of mountains of such magnitude as the Himalayan range and its 
continuation ranges. But still the distance may be not too great 
for purposes of a trial. One may be disapiiointed by negative 
results, or on the other hand one may succeed. In the former 
eventuality one loses the relatively small sum expended in the 
test borings but one gains experience. In the latter one may have 
a very valuable mineral asset added to the resources of the State, 
and one equally gains experience that may lead to the devek>p- 
ment of other neighbouring fields. 

c 2 
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Among much that is problematical, it remains certain that,. 

of all surrounding localities in the area so 

besfplace^or a trla/*** surveyed by me, the Nar-Budhan dome 

is the most favourable for a trial, insomuch 
that, if the conditions for oil-formation ever existed in this area, 
it necessarily becomes the one spot to which concentration would 
certainly have carried it. 

To sum up :— 

(1) The Nar-Budhan area and the Jammu hills generally are 

situated in an oil-bearing belt of Tertiary age common 
to India and the world. 

(2) The particular horizons of the rocks exposed are those 

which among the Tertiary rocks elsewhere in India 
and the world are sporadically oil-bearing. 

(3) Their petrographical characteristics arc identical with those of 

the nearest known oil-field in the Rawalpindi area, 
namely that of Khaur, and are very similar to those 
found in the other oil-bearing regions of India, namely 
Assam and Burma. 

(4) Palaeontological evidence so far as it goes is in agreement 

with this though not very strong at present. 

(5) The position of the area as regards the strike, and folding 

of the strata into disturbance zones is identical with 
that of Khaur. 

(C) The structure of the area is that of an elliptical dome, which 
is the most favourable of any for concentration and 
storage of oil. 

(7) In most essentials as regards size of dome-area, of possible 

field area, angles of inclination of the beds, and other 
general features of the dome, it is almost an exact 
duplicate of tho Khaur area. 

(8) The altitude above sea-level of the crest of the dome is 

the same as that at Khaur, namely about 1,500 feet. 

In the above characteristics the Nar-Budhan dome stands alone 
and has no competitor in the Kotli and Mirpur Tehsils so far as I 
have examined them. It may have one serious rival in the Jhelum 
area near Lehri which is at an intermediate position geographically 
between Khaur and Nar-Budhan. The dome at Lehri is well- 
known to the oil companies and will almost certainly be drilled 
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within the next five years. The progress made there will be most 
instructive and should be carefully followed. 

In putting forward the case of the Nar-Budhan dome for favour¬ 
able consideration it is hardly for me to 

tesl^operation "*****^* recommend the Durbar to countenance or 

encourage an immediate and (what 1 freely 
own to be a somewhat speculative) outlay for test drilling operations. 
The financial side of the question, equally with the technical, needs 
to be considered; because an undertaking of this kind should only 
be determined on by those fully prepared for total failure so far as 
material results go. All oil ventures have this character in different 
degrees, and no reward of a great success can be gained without 
some risk. If the Durbar are prepared to back an enterprise of 
this nature, and if those who do the actual boring recognise it also, 
well and good : if not, it would be better to w^ait until further 
exploitation of the Rawalpindi and Jhelum areas has brought 
successful oil industries so near to the locahty of Nar-Budhan as 
to render failure there very improbable. This would be the safe 
method of procedure, hut meanwhile time would have been lost and 
a marl'ct captured by others. 

Whether a sporting or a safe policy be adopted, or wdiether 
some happy mean be struck, the data recorded in this note will 
not depreciate with time and should be preserved for reference. 

APPENDIX. 

(Notes from Mr. Pinfold’s paper on “ Oil Springs in the Punjab ” 
read at the Indian Science Congress, Lahore, January 1918.) 

Early Efforts .—On Lyman’s recommendation (1879) wells were 
drilled at Chharat, 5 miles north-west of Fatchjang and Jaba. 
In 1890 more ambitious attempts were made by a Syndicate 
(Towmsend Brothers, chiefly). Canadian drillers put down wells 
at Sudkal near Fatehjang, Jaba, and Alugud in the trans-Indus 
range. Some were over 700 feet in depth. Small quantities of 
oil were found. In 1912 the Indolex syndicate under Professor 
Preisswerk directed by Professor Zuber of Lemberg, put down 
wells. All were drilled in compact limestone, and a few gallons 
of oil were obtained at 1,000 feet. These experiments all indicate 
that we cannot expect to find oil in marketable quantities in closely 
compressed limestone anticlines or monoclines, notwithstanding 
abundant seepages. 
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The following table in descending order illustrates the strati 
graphy of the area :— " 


FresJi-tvdtei' conditions — 
Upper Siwalik. 
Middle Siwalik 
Lower Siwalik . 
Upper Mjirrce. 

Lo« er Miirrco. 
Fatchjang Beds. 


Chinji beds. 
Kamlial beds. 


U nconjorn, ittf— 

Upper Chharat Stage (Sballow-v ater but open ( Nummulitic shales, 
sea conditions). t Limestone and shales. 

Lower Chharat Stage {Fresh-vtater conditions) Pui^le and variegated shales 

with Phmorbis and mamma¬ 
lian bones. 

Hill nummulitic limestone (marine) . . Uppermost beds with sulphur 

and gypsum. Shales with 
coal below ; Cardita 

bcaumon'i bed. 


Along the foot-hills of the Kala Chitta range all the above stages 
are found. 

Ten miles further south in the Khaire Murat ridge the basal 
Murree beds are still present, but they rest on the Lower Chharat 
stage. 

In the Salt Eange the Upper and Lower Murree series are absent 
and the basal zone of tlie Siwalik system rests directly on the massive 
Nummulitic limestone, much reduced in thickness. 

The mother-rock of the oil is regarded as the passage-beds 
between the Lower Chharat stage and the Hill Nummulitic limestone, 
but the oil is accounted for in the Khaur field by vertical upward 
migration. 

Oil Seepages. 


(1) Among the Fool-hills. 

They form a well-defined zone along the foot-hills of Margala 
and Kala Chitta ranges, stretching continuously from the western 
flank of the Tret-Murree synclinal through the Eawalpindi and 
Attock districts, and across the Indus into the North-West-Frontier 
Province. 

Tlie most easterly seepage is at Rutta Hotar, 11 miles due north 
of Rawalpindi. About 10 miles south-west are the Golra seepages 
at the extreme east end of the Kala Chitta anticline. The horizon 
of these seepages is clearly seen to be the passage beds between 
the Hill nummulitic limestone and the purple and variegated 
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shales of the Lower Chharat stage. Seepages are numerous in the 
Chharat fold, 20 miles west of Golra, and they also occur at the 
Golra horizon and also in the nummulitic shales and in the basal 
Murree beds. Ten miles further west is the Chak Dalla seepage 
in chalky limestone of uncertain age. 

Other seepages are : East end of Khaire Murat ridge, 14 mile 
south-west of Kawalpindi. These occur at the extreme east end 
of the limestone outcrop where it crosses the Bussala stream. The 
Chharat stages here are absent owing to overlap or unconformity. 
Another seepage is 4 miles further south-west at a hut named 
Lundigar at a crest of closely folded Murree rocks. 

(2) Salt Range Seepages. 

At its west end, the uppermost bed of chalky limestone yields 
oil and native sulphur, e.g., at Jaba. The structure is monoclinal, 
the limestone dipping steeply beneath Upper Tertiary sandstones 
and shales. 

East of Sakesar, near the centre of the main range, there is a group 
of seepages at intervals along the junction of the limestone and 
Siwalik rocks for a distance of 10 miles. The oil seeps from the 
basal conglomerate or from the top bed of the limestone. 

In the Sulgi glen near Amb, a seepage occurs in the heart of the 
Salt Range (a patch of Siwalik rock resting on limestolie and faulted 
down). 

Elsewhere these basal beds are barren of oil and have no seepages. 

The Khaur seepage is about 100 square yards in extent and 
consists of oil-soaked sandstone. The villagers obtained a small 
flow from this by digging into it. Pinfold got a yield of several 
tins daily. 

On the explanation that the oil at Khaur has migrated up to 
the Khaur horizon, it is supposed that the mother-rock lies below 
and with the greater part of the Murree bed.s absent by unconfor¬ 
mity or overlap. 


LIST OF PLATES. 

Plate 13.— Oeneral map of Dome art*a (I"—! milo). 

Plate 14. —Enlarged map of central part of Dome (4"—1 mile). 

Plate 15. —General view of Dome (Camera lucida sketch). 

Plate 16.— Horizontal sections Nos. 1 & 2 and Dome sections A, B, C, & X, (.acrosa 
Plate 14.) 
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The Submerged Forest at Bombay. By T. H. D. 
La Touche, M.A., F.G.S., F.A.S.B. (With Plates 17 
to 19.) 

^PHE existence of a number of forest trees, submerged to a depth 
X of some 20 feet below mean sea level, biit in many cases still re¬ 
taining their upright position and with their roots attached to the soil 
in which thej’’ grew, was brought to light during the excavation of 
the Prince’s dock on the eastern side of Bombay island about the year 
1878. Observations made at the time by Mr. G. E. Ormiston, 
Resident Engineer, Bombay Port Trust, were communicated by 
Government to the Records of the Geological Survey of India,^ 
accompanied by a note by Mr. W. T. Blanford, pointing out that 
the discovery furnishes evidence of a depression of the land surface 
in the immediate neighbourhood of ground which appears to have 
been recently elevated, since it had been shown by Dr. Buist^ 
that a raised beach, composed of shelly gravel partly consoli¬ 
dated into a ‘ littoral concrete,’ is found at many places on the 
western side of the island, extending to a height of 12 feet above 
high water mark. 

Further details of the occurrence, supplied by Mr, Ormiston, 
were published in a subsequent issue of the Records,^ with notes 
by Mr. H. B. Medlicott, in which it is stated that samples of the 
timber from the trees in situ had been identified by Mr. .1. Sykes 
Gamble, Conservator of Forests (Bengal), as that of the Khair 
(Acacia catechu), a well known Indian forest tree inhabiting the drier 
parts of the Indian peninsula, both inland and in the neighbourhood 
of the coast, but not known to occur below the level reached 
by the tides.* Two of the samples were also recognised as teak ; 

iVol. XI, Pt. 4, p. 302. 

* Transactions, Bombay Oeographical Society, Vol. X, p. 179. 

8 Vol. XIV, Pt. 4, p. 320. 

* A letter to Mr. W. F. D. Fisher, Conservator of Forests, Northern Circle, Bombay, 
has elicited the information ‘ that “ groves ” of Khair {AcMcia catechu) can hardly be said 
to ••Jtist near Bombay. 3'he tree is common throughout the Tbana district and there 
attains a considerable size, but is generally one of many species in our deciduous forests. 
It reproduces itself from seed only, but prolifically. In recently felled areas great 
numbers of seedlings arc often seen ; hiter, groups of young khair are not uncommon, 
but mature trees are usually scattered singly among other species. This gradual thinning 
out of the species is due entirely to the light-demanding nature of this species. Even 
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but these were taken from fallen logs, which had apparently been 
drifted to the position in which they were found. The total number 
of trees uncovered within an area of 30 acres was 382, of which 
223 were erect stumps. One of the fallen logs measured 46 feet 
in length, with a girth of 36 inches, but stumps reaching 4 feet 6 
inch in girth were also met with. 

A communication to Nature in December 1880^ by Colonel C. J. 
Merriman, R.E., Secretary to Government, Public Works Depart¬ 
ment, Bombay, gives a plan showing the position of some of the 
trees, and sections of the strata met with during the excavation 
of the docks. In the latter the position of the trees with reference 
to tidal levels is clearly indicated. 

The conditions under which the trees were found may bo briefly 
recapitulated here. The standing trees were rooted in a scanty 
layer of soil overlying the decomposed basaltic rock (inooruni) 
which forms the floor of the harbour. This had a very uneven 
surface, being furrowed by wide shallow channels filled in with 
soil and masses of boulders. The stumps and fallen logs were 
imbedded in a deposit of stiff blue clay, varying from 6 to 20 feet 
in thickness, with an almost horizontal upper surface ; and above 
this came 4 to 5 feet of harbour silt or dark brown mud. Some 
of the stumps were found protruding slightly above the surface 
of the clay, but all had been broken off at this level, and w^cre com¬ 
pletely riddled, to a short distance below^ the surface, wnth the 
borings of Teredo, which had evidently attacked the wood fiom 
above dowiiw'ards, since the holes not only became larger as they 
approached the roots, but were entirely confined to the interior 
of the stumps. No shells or organic remains other than the wood 


in tho groiips above mentioned, one tree nill take the lead sooner or later and the rest 
will tlwindle away by suppression. Generally the pro<ies8 is accelerated by the ocfur- 
Tcneo of other species of more rapid growth and greater shade-bearing capacity. It 
therefore would api)ear unlikely that khair ever oecurrcfl in ‘groves’ but tho extrenndy 
durable nature of the woorl of khair probably resulted in its persistence long after all 
traces of other trees had disappeared and thus suggested a pure wood or ‘‘ groves” of 
khair. 

‘ Khair likes a well drained site and docs best on gentle slopes, often stoney, but having 
soil into which its roots can penetrate to a fair depth. It is seldom fouml on flat alluvial 
soil owing to the lack of drainage; if found in such localities the specimens are poor. 
Given favourable conditions khair comes down to within a few feet above high water 
limit along the banks of tidal crocks in the North Thana District, which is on the coast 
about 70 miles north of Bombay. The same phenomenon will be less; noticeable in t he 
vicinity of Bombay owing to the sparser tree grow'th and possibly less favourable 
iactors of locality.’ 

1 Vol. XXIII, p. 106. 
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and impressions of reeds were met with in the blue clay, but a 
single valve df an oyster, compared by Mr. Geoffrey Nevill with 
O. excavata, Lam., was found in a crevice in the underlying rock. 
One of the logs had been partially burnt through, affording, as Mr. 
Medlicott points out, a strong presumption in favour of the occupa¬ 
tion of the forest area by man before it became submerged. 

The surface on which the trees were rooted was found to range 
from the level of low water extreme spring tides to 16 feet below, 
or about 33 feet below the level now reached by the highest tides, 
indicating a depression of the old land surface to at least this amount. 

The blue clay in which the trees are imbedded is apparently 
identical in character with the clay described by Dr. Buist^ as 
occurring immediately beneath the ‘ littoral concrete ’ on the 
western side of the island, with its upper margin slightly below 
high water mark ; except that at the docks the clay does not contain 
remains of the roots and stems of mangroves. It also resembles 
the clay, the ‘ lagoon formation ’ of Dr. Buist,—deposited in the 
backwaters of the island before the sea water was artificially shut 
out. Its presence below the ‘ littoral concrete ’ appears to show 
that the downward movement to w’hich the submergence of the 
forest area was due preceded the elevation of the island. The 
absence of mangrove roots in the clay at the docks may be accounted 
for by the probability that this area was more remote from the 
open sea, and the wratcr not sufficiently saline to promote the growth 
of mangroves. 

Thirty-two years after the date of this discovery, in October 
1910, while excavations for an extension of the Alexandra dock, 
situated to the south of the Prince’s dock, were in progress, it was 
reported by Mr. S. II. Savile, Deputy Engineer in charge of the 
works, that four trees, three of which were standing, had been 
uncovered under conditions similar to those described by Mr. 
Ormiston. The spot was visited by the writer when passing through 
Bombay at the end of the month, and the observations then made 
have supplied the material for the present note. The trees, one 
of which is shown in the illustration, w'cre rooted on the surface 
of the disintegrated rock, the roots spreading out almost at right 
angles to the trunk, as in the earlier discovery, on the edge of a 
creek or channel about 200 feet wude and 8 feet deep, which when 

* Transactions, Bombay Geographical Society, Vol. X, p. 181 ; British Associatioa 
Sectional Reports, 1851, p. 56. 
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first exposed was filled with clay and drift wood. The stumps 
of the erect trees Avere 6 to 7 feet high., corresponding with the thick¬ 
ness of the blue clay in which they were imbedded Avhen found, and 
from 3 to 5 feet in girth. Some of the clay had been left adhering 
to the roots of one of the trees, and on examining this carefully 
the shells of several oysters, with the valves united, and the claw 
of a crab were picked out. The latter has not been identified ; 
but the oysters, according to Mr. E. W. Vredenburg, belong to the 
species 0. cucullata. Born., ‘ a species abundant in brackish water. 
They belong to the typical form of tlie species, though the charac¬ 
teristic ribs are seldom seen, owing to the lower valves being generally 
attached by almost their entire length.’ The fact that the shells 
were found with the valves united seems to dispose of the suggestion 
made by Mr. Medlicott, that the single valve found in a crevice of 
the rock underlying the blue clay at the Prince’s d,ock might have 
been dropped by some oyster-eating animal—possibly man— ; but 
it may be pointed out that otherwise its presence does not neces¬ 
sarily imply, as he supposed, an upheaval of the old land surface 
preceding the depression by which the forest was submerged. 

The depth below high water mark of the rock surface on which 
the trees found at the Alexandra dock were rooted is about 40 feet, 
which gives a minimum value for the total amount of depression. 
The difference of 7 feet between this and the lowest of the trees 
previously discovered does not imply that the dowuAvard movement 
varied hi amount from one point to another, since it may be «lue 
to an original slope of the ground in a southerly direction or towards 
the coast. Even this figure does not indicate the total amount of 
subsidence, for it is stated that quantities of similar wood were found 
at lower levels in dredging out the approaches to the Prince’s dock ; 
and it must be presumed that the forest originally grew on a surface 
elevated to some extent above the extreme limit reached by the tides. 

That a considerable subsidence of the rocky floor on the western 
side of Bombay harbour has taken place thus appears to be fuUy 
established—for the fact that the roots of the trees are fixed in 
the rock precludes the idea that the forest otriginally grew on beds 
of loose material which were afterwards undeimined by marine 
erosion, as in the case of the Hampshire submerged forest recorded 
by Sir C. Lyell in the ‘ Principles of Geology — ; and it remains 


’ Vol. II, p. 529. 
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to account for the close juxtaposition of an area of subsidence 
with cine of equally well authenticated and perhaps simultaneous 
upheaval. The sequence of events appears to have been some¬ 
what as follows :—The forest grew in a scanty covering of soiil on 
a rocky coastal plain, traversed by wide and shallow watercourses 
and dotted with low hills, the crests of which now probably form 
the islands in the harbour. A gradual depression of the whole of 
the coastal area then set in, converting the creeks into back-waters 
or lagoons, and flooding the forest area with brackish water, so 
that oysters were enabled to attach themselves to the roots of the 
trees. Over the submerged area layers of fine clayey silt were 
deposited, supporting a growth of mangroves along the seaward 
face, but not in the less saline lagoons which lay behind. Further 
depression exposed the outer fringe of the deposits to the action of 
the waves, and masses of shingle and shells were laid down upon 
them, afterwards consolidated bv the infiltration of carbonate of 
lime into the so-called ‘ littoral concrete.’ 'JTie character of the 
movement appears then to have changed, and to have taken the 
form of a tilt of the rock surface in an easterly direction, away from 
the open sea. The comparatively rapid submergence of the inner 
lagoon thus caused brought the sea in over the deposit of silt, in 
which many of the trees still remained standing.^ With the sea 
water the Teredo was introduced, and attacked the bases of the 
trunks protruding from the silt, so weakening them that they were 
110 longer able to withstand the action of the waves and wind, but 
were broken off and drifted away. At the same time the deposi¬ 
tion of lagoon silt ceased entirely over the area invaded by the 
sea, and was succeeded by that of the ordinary harbour silt. The 
simultaneous rise of the seaward lace of the island brought the 
shell gravels and the clays beneath them up to their present position 
above or near high water mark, and converted the more low lying 
parts of the island into lagoons and backwaters, in which the deposi¬ 
tion of silt, resembling and in fact continuous with the beds which 


' It is surprising that these trees were not overthrown during the time that 
must have been occupied in the deposition of a considerable thickness, amounting in 
places to 20 feet, of the finest silt. The waters of the lagoon must have* been very tran¬ 
quil and far removed from disturbance by the sea waves, and must have been sheltered 
from storms of great violence. In the Himalayan valleys the trunks of dead trees are 
frequently seen erect in the silt that has filled the beds of lakes due to the obstruction 
of the rivers by landslips; but here the silting up process is comparatively rapid, the 
liver w’ater being highly charged with coarse as well as fine sediment. 
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underlie the ‘ littoral concrete/ proceeded until the low ground 
was artificially cut off from the sea. 

This is not the only instance of a change in the relative level 
of sea and land having taken place in a region which is perhaps 
more than usually susceptible to such movements, since the western 
coast of the Indian peninsula lies on the edge of the profound 
depression by which the land, formerly connecting India with the 
African continent, has been submerged beneath the waters of the 
Arabian Sea within a comparatively recent period of geological 
history. The most noteworthy case in point is the depression 
in the Runn of Cutch caused by the great earthquake of 1819, 
described in detail by Sir C. Lyell in his ‘Principles of Geology 
from information supplied by Sir A. Burnes and others. Hero 
also the depression was accompanied by the elevation of a neigh¬ 
bouring portion of the floor of the Runn, the vertical displacement 
of the ground amounting in all to about 20 feet.® 

We have of course no means of knowing whether the final phase 
of the movement in Bombay harbour was accompanied or not by 
seismic disturbance ; but the abrupt manner in which the deposi¬ 
tion of the blue clay appears to have come to an end, and to have 
been followed by a sudden influx of the sea, seems to be in favour 
of such a supposition. 


LIST OF PLATES. 

ri.ATE 17.—Plan of excavation near site of Alexandra dock, Bombay, showing position 
of tree stumps and ‘ creek ’ filled with clay and drift wood. 

Pr.ATE 18.—Section along the line A—B on plate 17. 

Plate 19.—View of the tree stump marked X on idate 17, with roc *8 attached; 

41-16 foot below high water ordinary spring tides. 

Plates 1—3 are from diagrams and photograi)h supplied by S. H. Savile, Esq. 


I Vol. II, p. 97. 

" The evidence for tho elevation of this tract, known ns the ‘ Allah Bund,’ was con¬ 
sidered by Mr. A. B. Wynne {Meminrs, Ger>l. Surr. Ind., Vol. IX, p. 40) to bo unsatis¬ 
factory. But in a more recent discussion of the question {Ibid, Vol. XXVIII, p. 27) 
Mr. R. T>. Oldham has shown that the main argument brought forward by Mr. Wynne 
in support of his contention has little weight, anfl that some upheaval of the area occupied 
by the ‘ Bund ’ probably did take place. 
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On some Infra-Trappeans and a Silicified Lava 
FROM Hyderabad, S. India. By K. Hallowes, 
M.A.Cantab., FG.S., A.R.S.M., A Inst.M.M., Assistant 
Sttperintendenfy Geological Survey of India. (With 
Plate 20.) 


"IIJHILE mapping the boniidary between the Deccan Trap and 

»» the gneiss in Hyderabad (Deccan), I met with 

Introduction. • i I'v. i i • i 

some greyish-wdnto calcareous rocks in layers 

2 to 10 feet in thickness, which rest directly on granitoid biotite- 

gneisses of Archcan age, and arc covered by horizontal flows of 

Deccan Trap basalt, at Bet Mugnur (18°42' : 77°36'); Tulni (18°47^ 

77°4r); Chota Tudgur (18^28': 77°39') ; Karkheli (T8T)7': 77"48') ; 

and between Bet Mugnur and Taukli (18“43'; 77°37'). 

These calcareous rocks had the appearance of Lamcta limestones, 

but since Dr. L. L. Fermor^ and Mr, C. S. Fox found that in Chhind- 


wara, C\ P., much of the so-called ‘ Lanieta ’ was nothing more 
than calcified gneiss, the specimens were more closely examined. 
By comparing these I'ocks with some examples of undoubted calci¬ 
fied gneiss collected in the (Central Provinces by my colleague Mr. 
Fox, who kindly drew my attention to them, 1 find a resemblance, 
for both consist of small patches of gneiss in a matrix of calcite. 

A slice (slide No. 12,280) of the calcareous rock of Chota Tudgur, 

shows that the ordinary gneiss of the locality 
ter^*^*^”*^*****^*' charac- entirely replaced by calcite except 

for a few remnants of stiuinod quartz and 
orthoclasc (PI, 20, fig. 4). 

In a slice (slide No. 12,281) of one of these rocks, taken from a 
bed exi)o.sed in the stream l)etween Bet Mugnur and Taukli, a small 
remaining, still unaltered, portion of the typical gneiss of the area 
occurs in the middle of an aggregate of calcite granules (PI. 20, fig. 3) 
it consists of orthoclasc and microcline intergrowm with quartz. 


An interesting case of silicification was met with at Hinganey, 


SiliciTicatipn. 


(18°42' : 77°45'), At this locality the basal 
flow of the Deccan Trap Series is composed of 


1 Jfec. Oco. S'ltrv . Ind., Vol. XLIII, p. 32, (1913). 
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a brick red cherty rock (Rc". No. 29/353) ; this has a coiichoidal 
fracture and contains numerous minute patches of very pale bluish- 
grey quartz. 

Mr. Fox has shown me a specimen of an altered basaltic flow 
from the Deccan Traps of Chhindwara which is similar to 
the Hinganey rock ; the latter is, probably, a highly altered and 
silicified basalt, this opinioji being shared by my colleague, who has 
examined the hand specimen and slice. 

As in the case of the metamorphosed basaltic flows of SkyeA 
the thin section (slide No. 12,283) of this altered lava is seen under 
the microscope to be composed of secondary silica consisting in 
part of fibrous radial aggregates of chalcedony, while hollows occur 
within it which probably represent the initial vesicles or steam blow 
holes ; these now contain infillings of secondary quartz and epidote, 
the latter mineral having possibly been derived from the mctamor- 
phisni of the original felspar (PI. 20, fig. 2). Diffused through the 
secondary silica are cloud-like masses composed of granules of red 
oxide of iron which have probably been derived from the decom¬ 
position of the magnetite and ilmenite of unaltered basalt. The lava 
has, in fact, been so highly altered that none of the original minerals 
or structures have been retained with the exception of the vesicles, 

I find, on analysis, that this silicified lava now contains 70-08 
per cent, of silica ; the silica content of fresh basalt is 40—54 per 
cent. 

On comparing the hand specimens and slices of this rock with 
some hiiihlv altered basic lavas collected in the country immedi- 
ately soiith of the volcano of Mt. Popa in Upper Rnrma they arc 
seen to be alike ; in both areas the lavas have been metamorphosed 
into cherty, brick-red, and pinkish-w'hite, cellular rocks. 

Dr. Fennor and Mr. Fox have made a special study of tlie 

origin of certain rocks from the Central 
Origin. Provinces that are similar to these from 

Hyderabad. Some years ago they found, in Chhindw^ara, silicified 
basalts and calcified gneisses forming, in the first case, the base 
of the Deccan Trap scries, and in the second, the u])per surface 
of the underlying gneiss, in the Kotha Valley east of Chhindboh, 
at the foot of the hill north-west of Palaspani. and along 
the base of the basalts north-east of Dhimora. They have arrived 

1 Vide A. Harker, F.R.S., Mem, Oco. Sun-. U.K., 1904, p. 4G. 
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at the conclusion that carbon dioxide-bearing meteoric waters,, 
containing in solution lime and silica leached from the Deccan 
Trap by percolation along the natural channel of circulation 
between the trap and the gneiss, decompose the silicates of the 
vesicular basal traps, with the liberation of colloidal silica, to form 
altered silicified basalt, of which the Hinganey rock is probably 
an example ; and that they then migrate downwards and react 
in the uppermost horizons of the underlying gneissose complex, 
dissolving the silica and precipitating the lime to form calcified 
gneiss, such as that of Chhota Tudgur, From what I have seen of 
these rocks in the field, in Hyderabad (Deccan), I entirely agree 
with this explanation of their origin. 

As Dr. Fermor and Mr. Fox investigated the subject in the Central 
Provinces long before my attention was drawn to it in South India, 
and since, for some time past they have had in view the composi¬ 
tion of a paper specially dealing with the genesis of these altered 
basal traps and infra-trappeans, I do not now propose to discuss the 
matter further. 


EXPLANATION OF PLATE so- 

Fxos. 1 & 2.—Photomicrographs of silicified basalt. 
tiQS. 3 & 4.—Photomicrographs of calcified gneiss. 
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